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ABSTRACT

The objectives of this technology integration study for close air support
aircraft were to perform configuration design and validation using, in part, man-
in-the~-loop simulation techniques. An advanced technology close air support air-
craft configuration known as Lightweight Attack (LWA) Configuration 29 was evolved
and justified. The selected configuration embodies powered 1lift in the form of
vectored thrust with supercirculation (VI/SC) and an advanced composite structure.
Other advanced technologies which are integrated in LWA Configuration 29 are
direct sideforce control (DSFC),variable camber, internal/conformal pallet for
stores carriage, close-coupled canard, and modular digital avionics. Results of
the study show that such an integrated advanced technology configuration provides
significant improvement in total tactical fighter mission capability and in the

ability to perform and survive in the ground attack environment.
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SECTION 1

INTRODUCTION AND SUMMARY

The Convair Aerospace Division of Ceneral Dynamics has cogpleted a study en-
titled "Technology Integration for Close Air Support Aircraft" for tlie Air Force
Flight Dynamics Laboratory (AFFDL). The work documented in this technical report
has resulted in the following conclusions:

o Through the integrated use of advanced technology, a superior tactical
fighter aircraft can be obtained with a iightweight airframe -- thus pro-
viding an important step toward reducirig the cost of future fighter weapon
systems. The sdvanced technology concepts which have first-order effects
on this result are advanced composite structures and powered lift in the
form of vectored thrust with supercirculation (VT/SC).

0 Man-in-the-loop simulation evaluations of VI/SC and direct sideforce control
(DSFC) indicate significant improvements in air-to-ground weapon delivery
accuracy and evasive tactics are attributable to these two advanced tech-
nology concepts.

The study consists of two basic tasks: (1) configuration design and para-
metric analysis and (2) configuration validation and refinement through man-in-the-
loop simulation Section 2 of this report contains a discussion of the first task,
and Sections 3 and 4 contain a discussion J¥ the results of the second task. The
appendices provide further detail concerning these results.

The two tasks were directed toward the study objectives as stated in the
contract statement of work:

"There are a number of advanced and emerging technologies which have a potential

impact on the design and operation of future close air support aircraft. The

benefits to be gained from the incorporation of one or more of these technol-
ogies into a system depends upon the mission to be accomplished. Because the
possible close air support roles are numerous and also because there are many
advanced and emerging technologies to be considered, a systematic evaluation.
of potential capabllities against mission requirements is needed. ...The ob-
jective of this effort is to obtain design data relative to the integration

of advanced and emerging fighter technologies into advanced technology close

alr support aircraft. Specifically, efforts are to be conducted which will

demonstrate how advanced/emerging technologies can best be integrated into

fighter aircraft design and the extent to which they provide a superior CAS
capability."



1.1 BACKGROUND

A Convair-sponsored advanced aircraft development program known as the Light-
weight Attack (LWA) program has been closely tied to the subject contractual study.
For this reason, the aircraft considered in the AFFDL study are referred to as LWA,

Convair's LWA program began in early 1972. Initial LWA technical efforts re-
sulted in the development of preliminary design techniques for applying powered-1lift
concepts to maneuvering flight including flight at transonic speeds.1 An excellent
preliminary design data base existed for other technologies of interest such as
advanced composite materials.

Operational studies were also conducted during the initial phases of the pro-
gram.2 The results cof these studies provided guidelines for the LWA concept and
parametric operational requirements which cculd be used to evaluate tradeoffs with
configuration variables.

In June 1972, Convair submitted a "Technical Proposal for Technology Integra-
tion for Close Air Support Aircraft,'" Convair Report FZP-1429, to the AFFDL. This
proposal which resulted in the subject contract contained technical discussions
covering technology assessment, operational considerations, and conceptual configu-
ration designs. Much of this material is contained in Appendices A and B of this
report.

In the last half of 1972, Convair completed configuration design and para-
metric analysis work.3 These results provided the basis for work on the subject
contract which was awarded in November 1972, Much of this information is con-
tained in Appendices C through H.

The major portion of the contractual e¢ffort was directed toward man-in-the-

loop simulation studies. The impetus for this type of effort in a preliminary

"Powered Lift Aerodynamic Studies for the Advanced Technology Close Air Support
Fighter," Convair Report MR-A-2099, June 1972 (Confidential).

"Post-1980 Tactical Air Strike Requirements and Capabilities,'" Convair Report
MR-0-351, August 1972 (Confidential).

"Lightweight Attack (LWA) Aircraft Preliminary Configuration Design and Mission/
Configuration Tradeoff Studies," Convair Report FZM-A085, January 1973.



design study stems from the apparent fact that certain potential benefits of advanced
technology are dependent on man/machine interface considerations. The specific ob-
jective of the simulation effort was to evaluate VT/SC and DSFC tc determine their

contribution to improvements in ground attack performance and survivability.

1.2 LWA OPERATTONAL CONCEPT

Studies of future tactical air scenarios and present and future tactical force
structures indicate a developing gap in operational capability. This is the in-
ability to accomplish ground attack missions (close air support/interdiction/strike)
with relatively large numbers of aircraft which can survive in a hostile environ-
ment. The role is now occupied primarily by the F-4--an aircraft designed for air
superiority two decades ago.

Survivability is a unique aspect of the LWA concept: first, because it is
an attack aircraft which offers both maneuverability and speed as self-defense
features and, second, because these features provide the LWA with significant air
combat capability.

Th2 need for large numbers influences the LWA concept by dictating a low-cost
system. The first step toward low cost is lightweight. Considering future force
structures with the sophisticated capabilities of F-111, F-15, and F-14 aircraft
that are available or potentially available, it is logical to postulate a new sys-
tem which does not perform at the extremes of these specialized aircraft (i.e.,
range, payload, and speed) and which therefore can be lightweight,

The other important factor in the cost equation is the weapon delivery system.
Developments in recent years have resulted in quantum jumps in daylight, night,
and all-weather delivery accuracies. First and foremost, the LWA concept will
optimally accommodate these systems, and this alone will make the LWA a unique
aircraft. However, if all such systems were included in the basic LWA, a conflict
with the low-cost objective would result.

The emerging concept of modular digital avionics presents the answer to this
dichotomy. With this concept, provisions can be made in the LWA airframe to accom-

modate a full-capability avionics system with minimum impact on the basic avionics

3



and airframe size. Further, provisions can be made so that the addition of any or
all of the full system can be accomplished at essentially only the cost of the
added equipment.

In summary, the LWA concept reverses the traditional apprcach of designing
high-performance tactical air forces for air superiority and -«ccepting the ground
attack fall-out. In future applications of tactical air power, technology makes
it imperative that an optimized ground attack aircraft which can survive through

its own capability be available.

1.3 LWA DESIGN GUIDELINES
Translation of the LWA operational concept into design guidelines is summa-
rized by two descriptors--low cost and flexibility (¥igure 1-1). Low cost is
achieved through the establishment of proper requirements and design philosophy.

Flexibility, at low cost, is attained by application of new technology.

©® RANGE/PAYLOADALOITER/SPEED REQUIREMENTS DO NOT NECESSARILY

HAVE TO BE SEVERE The key technologies which have a
® Hi-Lo Force Mix Considerations )
o Smart Bombs o Lightweight first-order impact on flexibility are
© forward Basing
® WEAPON DELIVERY SYSTEM REQUIREMENT CAN BE MINIMAL -- BUT (1) advanced composite materials, (2)

FLEXIBILITY IS IMPORTANT

o Ajrcraft-External Nav Systems

® Smart Bombs

® Modular Digital Avionics

® "Beneath Weather" Flying Capability

o Low Cost Basic System powered 1ift, (3) internal/conformal

stores carriage, and (4) modular digital
© SPEED AND MANEUVERABILITY IS IMPORTANT FOR FLEXIBILITY IN
TACTIZS

o Air Defense Counter

® Ground Defense Counter
® Ground Attack

® Beneath Weather Flying

©® STOL REQUIREMENTS 1S NOT OVERRIDING -- BUT IT PROVIDES FLEXIBILITY

® Runway Availability
o Dispersal ®STOL at Minimum Penalty

2 Rigpenys e — tional metals. Powered lift offers
Figure 1-1 Low Cost and Flexibility Are LWA Goals

takeoff and landing distances and maneuver performance which otherwise require

avionics. Advanced composites make pos-

@ High Performance

® Internal/Conformal Stores
Carriage sible airframe aerodynamic configurations

not previously practical with conven-

high-1ift systems and lower wing loadings.

Internal/conformal carriage provides the capability to carry mission stores
throughout the flight envelope. Modular avionics make it possible to design a
basic airframe with all provisions for full capability avionics without signifi-
cant penalty.

A fifth technology which is important to the LWA concept although not a part

of the physical airframs design is represented in the'concept of modular weapons.

4



If the full capabilities of the LWA are to be realized, it is clear that new wea-
pon configurations are required. 1In this regard technology does not pose as much
of a problem as the standardization of current and future weapons to a single set

of criteria.

1.4 LWA CONFIGURATION
The LWA configuration which was selected for the simulation task is shown in
Figure 1-2. The characteristics of LWA Configuration 29 are compatible with the

baseline design requirements described in Figure 1-3.

(" FEATURES: )

® Powered Lift (Vectored
Thrust/Supercirculation)

o Advanced Composite Materials

o Variable Camber

e Internal Bay w/internal/
Conformal Pallet

® Close Coupled Canard

® Direct Sideforce Contro!

o CCV/ Fly-by-Wire

® Modular Digital Avionics

® Single Wing Duct Burning

\ Turbofan o/

[ CHARACTERISTICS: 2

WIS = 80 Ibs/sq. ft. at
Transonic Combat
Weight

TW = 1.3 Sea Level Static,
Uninstalled at
Supersonic = /
Acceleration Weight

Wing Geometry —‘
o tic = 0,0625 (rms)

®Af = 30/47 Degrees
®AR = 4

Figure 1-2 LWA Configuration 29

The study results indicate that a 25,000-pound class aircraft of the Conficu-
ration 29-type can be optimized to meet or exceed the baseline design requirements.
Detail characteristics of the simulated configuration are described in Section 2.

The advanced technology concepts of interest in the simulation task are VI/SC
and DSFC. The VT/SC concept is implemented by ducting fan air through two-dimen-
sional, vectorable nozzles located at the inboard wing trailing edge. The nozzle
vector angle is essentially zero for cruise and is controllable up to 50 degrees

for maneuvering. 5



PAYLOADS

ACCELERATION AND MANEUVER

Self-Defense
/

Self-Defense

MISSION PAYLOAD ITEM CONDITION LOADING REQUIREMENT
o ACCELERATION
GROUND ATTACK
o M0.85 to M1.6 Ground Attack 70 sec.
Basic ____ 2000 Ibs Expendable Ordriance at 36,089 # Basic Payload,
Alternate 1 ___ 3000 Ibs  Expendable Ordnance 608 Fuel
Alternate 2. 6000 Ibs  Expendable Ordnance ¢ MANEUVER
oM0.9 at 30,000 ft ___| Ground Attack ] 3 o's Instantaneous
Alternate Payload 1, Buffet Free
AIR COMBAT 60% Fuel 7 g's instantaneous
Basic 2 AIM-47 Type Missiles Mo;i'erate
Buffet (o *
Alternate 1 __________ None 0.10g R;C
¢150 Knots at 5000 ft _| Ground Attack .1.75 g's Maximum Usable
ALL Alternate Payload 2,
Self-Defense Missiles___ 2 AIM-9 Type 60% Fuel
Gun _____ 20MM M-6] Type w/500 Rds. Ammo *M0.5 at 10,000 ft | Ground Attack ] 5.0 g's Maximum usae
: Alternate Payload 2,
Avionics ___ 1200 Ibs 0% Fuel
I. CLOSE AIR SUPPORT/BATTLEFIELD 1. LOW ALTITUDE PENETRATION 1. SUPERSONIC PENETRATION
INTERDICTION INTERDICTION/STRIKE INTERDICTION/STRIKE

== !
Optimum Subsonic Combat / c;mbat at
Combat at at Mil Sell- Defense Max Pwr,
1 hr Max I Pr, / Pur., Optimum M1.6, Opt. Penetration
. Endurance Loiter 10,000 ft MO. 8, Sea Level— Sea Level | Subsonic Altitude Altitude
fe———2300 N.Mi, ——=] 50 N. Mi. f———e135 N.Mi.
[e———— 2350 N.Mi, 2350 N.Mi.
Allowances - AlTo;«ance_s Allowances
A-G Payload | Self-Defense Combat A-G Payload Self-Defense | Combat A-G Payload Self-Defense Combat
Aol gﬁa;uﬁr: 2 ak Alternate 1 2 Max Perf 5 Min, Basic 2 Max Perf 1 Min,
360° Turns 3600 Turns
Alternate 2 None 10 Min, J
IV, ESCORT/COMBAT AIR PATROL V. SUPERSONIC INTERCEPT VI, FERRY
— S Osimum Subsonic” Optimum Subsonic
v ’ Combat at
Dptimum MO, 85 \1 | P ML6 O AR. Pur,
30,000 ft Cruise Alt,

2500 N.Mi.——=|

Allowances

fe———2200 N.Mi.——=]

Allowances

A-A Payload {Self-Defens Combat

A-A Payload

Self-Defense | Combat

Alternate 1 None Accel to M1.6
*3 Max Perf
Turns at M1.2
*4 Max Perf

Turns at M0.9

Basic

None 2 Min,

23200 N.Mi,——=

GENERAL

e Maximum Speed 2 M1.6, Altitude
2 M0.9, Sea Level
@ Structural Limit = 6 g's, 80% Fuel,
Mission 11 Loading
e q-Limit = M1.2, Sea Level

DESIGN REQUIREMENTS
® |nternal Fuel Only for Specified

Missions

® Weapon Carriage and Release
Compatibility Throughout Envelope

® Basic
¢ Alternate 1

} Both A-G and A-A Payloads

e Warm-up and Taxi Allowance = 5 Min.

at 0,2 TW

® Takeoff Allowance = Accelerate to Climb
Speed

e Landing Allowance = 20 Min, at Max
Endurance

Figure 1-3 Baseline Design Requirements for LWA



The effects of vectoring the nozzles on lift, drag, and thrust can be utilized
in several ways. For a given angle of attack, a change in the thrust vector angle
produces a lift coefficient increment. Thus, direct 1lift control is possible. At
the same time, induced drag is increased, and horizontal thrust is lost. This re-

sults in a speed brake effect if the power setting 1s not increased.

Table 1-1 VT/SC IMPROVES THE TURNING PERFORMANCE Vectored thrust with supercircula-
0OF LWA CONFIGURATION 29

BUFFET FREE - 9's|SUSTAINED - g's|MAX USEABLE - g's

tion has a large impact on turning per-

no | visc | no | viisc | no | wvwisc formance (Table 1-1). The LWA Configu-
viisc [(6; - &P viisc [(8; - aPif viisc | o) - &)
TRANSONIC ratfon 29 approach is to trade the VT/SC
* M0.9, 30,000 ft | 1.8 4.0 3.8 4.8 - -
:wfég turning improvements for increased wing
LOW SPEED
*M0.5 10,000 ff 22 | 35 |35 3.8 a1 5.1 loading. The resulting turning perfor-
* WD8B Off
* No [laps
mance is comparable to modern fighters,

but othar aspects of mission performance should be better.

Direct sideforce is realized by coordinated deflection of the all-movable
vertical tail and twin surfaces (chin fins) located forward of the center of
gravity. At low altitude ;nd high subsonic speed, these surfaces are capable of

generating greater than l-g of zero-moment lateral force.

1.5 LWA MAN-IN-THE-LOOP SIMULATION
The basic objective of the man-in-the-loop simulation task was to evaluate
the effects of VI/SC and DSFC on air-to-ground weapon delivery accuracy and survi-
vability (Figure 1-4). 1In addition, four other preliminary design areas were
addressed:
1. Flight control system design and cockpit control locations and mechaniza-
tions
2. Comparison of zero yaw rate sideslip and controlled yaw rate modes of
DSFC
3. Effects of crosswind on DSFC utility

4. Impact of DSFC on landing approach.



GROUND SCENE
PROJECTOR
(Flying Spot
Video Scanner

6 DEGREES -OF -FREEDOM DYNAMIC SCENE
' HYBRID COMPUTERS

AIR-TO-GROUND
WEAPON
DELIVERY
ACCURACY

) = —
— e — -

FLIGHT PROFILES < |MULATED
73 MM

"ADVANCED
GUN-DISH" i

GROUND ATTACK
SURVIVABILITY

Figure 1-4 Man-in-the-Loop Simulation Used TAC Pilots and 22MM Gun Threat

Another important aspect of the man-in-the-loop simulation work was the oppor-
tunity to involve the user, i.e., the pilot, in the early stages of the design pro-
cess. To maximize this benefit, the USAF Tactical Air Command (TAC) provided three
current fighter pilots for the simulation task. The impressions and guidance pro-
vided by these pilots are cnnsidered equally as important as the quantitative

evaluations.
1.6 RECOMMENDATIONS

The results which are documented in this report lead to the following recom-

mendations:

1. A manned flight vehicle program should be undertaken with the objective
of demonstrating VT/SC and advanced composites technologies. Other tech-
nology concepts which show potential payoif should also be incorporated,
e.g., DSFC, CCV/fly-by-wire, and vortex lift enhancement.

2, Utilization of man-in-the-loop simulation as a preliminary design tool
should be continued. Simulation provides an excellent medium for communi-

cation between the user and the designer.

8



SECTION 2

LWA

CONFIGURATION

29

LWA Configuration 29 which was simulated for configuration validation and re-

finement is described in the following paragraphs,

very similar to LWA Configuration 27 which is described in Appendix D.

The simulated configuratiou is

Discussions

of the basic configuratim approach and justification of this approach, presented

Table 2-1 CONFIGURATION 29 WEIGHT STATEMENT

Structure (5, 874)
WING __ 1,922
FUSELAGE . _mt 2,337
CANARD _ 384
VERTICAL TAIL __ T
CHIN FINS ____ = ey
LANDING GEAR __ o _(620)

MAIN___ __Al0
NOSE___ _ 110
LANDING GEAR CONTROLS 100
AIR INDUCTION _ 404

Propulsion System ____ (4,131
ENGINE__ 3,100
FUEL SYSTEM _ o 175
ACCESSORIES 212
VT/SC DUCT AND NOZZLE___ 650

Systems and Equipment (3, 168)
FLIGHT CONTROLS _ 7%
INSTRUMENTS __ 93
HYDRAULIC & PNEUMATIC___ 385
ELECTRICAL _ I ST
AVIONICS __ 1,200
FURNISHINGS 300
AIR CONDITIONING & ANTI-ICING 150

W-ight Empty 13,179

Useful load 922)
CREW 225
GUN INSTALLATION 462
WEAPON RACKS 4= 180
MISCELLANEOUS ____ _ 55

Basic Operating Weight ___ 14,101 Ibs

Table 2-2 CONFIGURATION 29 ENGINE CHARACTERISTICS

UNINSTALLED SLS THRUST 28,000 LB
BY-PASS RATIO 1.5

FAN PRESSURE RATIO i 4.0
OVERALL PRESSURE RATIO 30.0
TURBINE INLET TEMPERATURE 3200°R
WING DUCT BURNING TEMPERATURE 2000°R

in detail in Appendix D, are not repeated
here.
2.1 GENERAL DESCRIPTION

The general arrangement and geomet-
rical characteristics of Configuration 29
are shown in Figure 2-1. The primary dif-
ference between the Configuration 29 ar-
rangement and that of Configuration 27 is
in the location of the internal/conformal
bay and the gun.

The configuration incorporates an
advanced composites structure. The struc-
tural design weight is 22,500 pounds. A
weight breakdown is given in Table 2-1.

An aircraft gross weight of 21,000 pounds
was used in the simulation.

The propulsion system includes an
advanced technology turbofan (Table 2-2).
The engine thiust is augmented by wing duct
burning, but an afterburner is not incor-
porated, The fan air is ducted to the in-
board wing trailing edge and exhausted

through a two-dimensional, vectorable

nozzle during cruise and VT/SC operation.



LT LN 171 ¢ ] S ————— | | P | §

elength - Overall . ____________________ 5 ft. 11 in.
SH = O e e ree s 18 f, 7.5 in,
®Wing (Theoretical):
i 0 ) Nbngoes Bepi=7 001 Jrara 300 sq. A,
Aspect Ratio____________________ 1.0
Thickness Ratio RMS)____________. 0625
Leading Edge Sweep__ ____________ 3P /47°
®OTHER AREAS:
Canard (All-Movable)____________50 sq. ft.
Aft Vertical Tail (All-Movablel______ 33 sq. f.
Forward Vertical, Each (All-Movablel__5.0 sq. fi.
Flaperom - — — e e 3l sq. ft.

Py S——

Figure 2-1 Configuration 29 General Arrangement
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2.2 VT/SC AND DEFRC
The objective of implementing VT/SC is to improve maneuver capability. The

comparative effect on the aircraft performance is indicated in Figure 2-2. The

e MAX. POWER (WDB AND A/B) transonic vbuffet-free lift coefficient
® NO EXTERNAL STORES
] @ NO FLAPS is more than doubled with VT/SC. Above

| ELT;IM L E; SIN @
a 1lift coefficient of 0.6, VI/SC provides

NOM-VTISC OPERATION
*g - 0P -
lE[l « 0. 0995
I'EI'E - ﬂ,ﬂlﬂ

higher energy turns. Similar improve-
ments are obtained throughout the speed
regime.

The use of VT/SC for direct 1lift con-

. | trol (i.e., the capability to change 1lift
VTISC OPERATION Il; PSJWOER_%%F | without an attendant angle-of-attack
il e o g & i

oCu-0ir | I etmrert0 {

« Cyp - 0.0847 {1 | . |

| L

change) is possible (Figure 2-3). The

12 08 -4 3 ] w12 g lift forces which VI/SC is capable of gen-

Cx *Cp - Cr COSa
R RIM ~ T 3
TRIM erating are very significant compared to

Figure 2-2 Typical LWA Aerodynamic Performance at

M0.9, 30,000 Feet Altitude other candidate direct lift approaches.
4.0 | | 2.0
20,000 FT ALTITUDE
|
WDB 1.6} .
3.0} : . 1
- ON 5
i o)« & =4 ;
E ! £, ALTITUDE
o 2 | E SEA LEVEL
] g = { = =<
€ | WDB &
- - b o
= e OFF H .8
L = " <
- At
—— ol = 41— -
m -
0 J\ |
0.3 0.5 0.7 0.9 :
MACH NUMBER b |
Figure 2-3 Configuration 29 Direct Lift Capability ( el ——

MACH NUMBER
The objective of implementing DSFC is Figure 2-4 L\{VA Configuration 29 Maximum
Side Acceleration
to provide the capability to make lateral flight path changes without rolling the
aircraft. Of the several candidate approaches to generating DSFC forces, the chin

fins are best, because they result in the largest force and the least coupling with

other aircraft axes (Figure 2-4).
11, 12



STEC T L 0NN TS

GROUND ATTACK AND LANDING SIMULATION

The overall objective of the LWA man-in-the-loop simulation was to determine
the effectiveness of the advanced technology concepts of Vectored Thrust/Super-
Circulation (VT/SC) and Direct Sideforce Control (DSFC) in realistic manned opera-
tional tasks, particularly in those tasks involving severe time constraints or
high pilot workload. The simulation task involved (1) developing equations to
describe the selected LWA Configuration 29, (2) programming the Convair hybrid
computing facility to represent the aircraft, (3) modifying the Convair cockpit
facility to fulfill the requirements of the task, and (4) conducting one week of
simulation data gathering with three USAF TAC pilots. The simulation setup en=~
compassed the complete airplane flight spectrum; however, the tasks performed by
the pilots during the evaluation phase werc limited to ground attack weapon de-

livery, landing, and low altitude survivability maneuvers.

3.1 SIMULATION SETUP

The LWA configuration preliminary design and analysis phase culminated in
selection of v'on7iguration 29 as the point design airplane for the simulation

evaluation. Theoretical and empirical

FLYING-SPOT
SCANNER

aerodynamic data developed during the

design analysis were used as input for

SEKVOED
PROJECTION

égﬁﬁﬂ. the simulation, Weight, inertia, and
CONTROL

CYnd engine data for the specific configura-

FIGHTER AERO.

ﬁgﬁﬂg"* tion were predicted by use of current

INSTRUMENT

DRIVES

CONTROLS

SIGNAL

COCKAT INTERFACE

theoretical and empirical techniques. A

FLIGHT FLIGHT CONTROL

PROFILE SYSTEN full definition of the simulated airplane

DATA (EAI-231R
RECORDING ANALOG)

Jr is presented in Appendix I. The simula-
AAA RADAR AAA P
aumm%hn -—-4 MODEL tion setup is depicted in Figure 3-1.
SIMULATION (OFF -LINE)

Figure 3-1 Simulation Facility Block Diagram

13



The equations used to calculate the forces and moments, including those at-
tributed to vectored thrust/supercirculation with var.ation in power setting and
vector angle, and the airplane equations of motion that were developed for the
simulation are given in Appendix I. These equations, along with equations to re-
late the airplane flight path with respect to earth axes, were programmed into a
hybrid computer system consisting of an EAI 640 digital computer and two>EAI 231-R
analog consoles, which provided real time solution.

The hybrid computation was interfaced with the Convair advanced cockpit simu-
lator, wvisual scene projection system, and peripheral magnetic tape and strip
chart recording systems.

The air-to-ground scene projection system consists of a scene transparency, a
servoed flying-spot scanner, and servoed projection equipment which produces an
earth scene having complete 6 degrees-of-freedom (linear and angular) and perspec-
tive cues. The scene was projected onto a screen directly in front of the cockpit.
The sight was mounted on the screen to simulate an autoccllimated, fixed, depressed
reticle bomb sight (Figure 3-2).

The Convair advanced cockpit simulator will accommodate two control stick
locations, one center mounted on the floor and one side mounted, plus rudder
pedals, throttle with speed brake control, and a complete sec of flight and engine
instruments., The sidestick location was selected for use in this simulation.

The cockpit was modified to provide a flap handle jist outboard of the

throttle and to provide a proportional thumb switch on the side stick as shown

DEPRESSED RETICLE SIGHT in Figure 3-3. The flap handle is used
FIXED ON SCREEN
(5 MIL GRADATIONS) to position the vectored thrust nozzle

t angle at the wing trailing edge and the
THROTTLE / INSTRUMENTS
L thumb switch serves as one of the direct

} 7 SIDESTICK
4~ CONTROLLER
GK {FORCE) sideforce controllers. The rudder pedals
LU 0N
VI/SC CONTROL A DSFC THUMB served as the other controller for direct
(AFT T0 VECTOR ~ ARMREST SWITCH
THRUST) sideforce. and a switching capability

Figure 3-2 Cockpit General Arrangement was provided to permit the rudder podals
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“C Control Handle (Forward Position
for No Thrust Vectoring)

e TSI
e » . ;'.}"- ]

Direct Sideforce Thumb Switch Control
{(Mounted on Sidestick Controller)

Figure 3-3 Cockpit Modifications for VT/SC
and DSFC Controllers

to operate in their normal rudder control
function or in the sideforce control func-
tion. The pitch, roll, and rudder control
force gradients were typical for fighter
aircraft and are shown in the control
system block diagrams of Appendix I.

The command and stability augmenta-
tion flight control system developed for
Configuration 29 provided two methods of
employing the sideforce control as dis-
cussed in Section 3.3. The flight con-
trol system was checked out prior to the
evaluation runs, and the conventional
configuration handling qualities were
found to be compatible with the require-

ments of MIL-F-8785B.

3.2 VT/SC EVALUATION

The VT/SC evaluation runs consisted
of a roll-in from an initial altitude
(13,000 feet) and speed (400 and 575
ktas) to a given dive angle (30, 45, and

60 degrees). Three thrust conditions

were evaluated during the dive maneuvers for each type of attack: (1) idle power,

no thrust vectoring; (2) 25 percent intermediate power, 50-degree thrust vector;

and (3) 50 percent intermediate power, 50-degree thrust vector. Each of the threc

pilots performed this matrix of 18 runs.

Pullout from each dive was initiated at 4000 feet altitude and the airplane

was put into a 60 degree climb back to 10,000 feet. For the non-VI/SC case, the

pullout and climb were made with maximum power, that is, with the engine at



intermediate power plus wing duct burning (WDB). However, for the cases with 50
degree thrust vectoring, the available lift resulting from maximum power was beyond
the aircraft structural limit, so the VI/SC pullouts were set at intermediate power
without WDB.

For a fixed pullout speed, the effect of VI/SC in this attack sequence is to
reduce the altitude loss from pullout initiation to minimum altitude and to reduce
the time to climb to altitude (Figure 3-4). Both results are beneficial in that

low-altitude exposure of the aircraft is

reduced, and survivability is increased.
The data taken do not permit quanti-

fications of the VT/SC effects in those

INITIATE—

PULLOUT NON-VT/SC specific terms. (The different dive

power settings resulted in different

=T = pullout speeds.) However, it is noted

Figure 3-4 VT/SC Can Decrease Exposure for Given from the data given in Appendix J that

Pullout Speed
the altitude losses and times to climb

for the different power and vector angle settings are roughly the same for fixed
initial speed and dive angle. This fact allows quantification of the VI/SC effect
by comparing pullout speeds for essentially equivalent altitude losses and times
to climb (Figure 3-5). It is noted again that the VT/SC pullout is made at inter-

mediate power and the non-VT/SC operation is at maximum power.

In addition to providing improved

© 400 KTAS INITIAL SPEED

® APPROXIMATELY EQUAL ALTITUDE LOSSES
AND TIMES TO CLIMB AT GIVEN DIVE ANGLE

turning capability to increase ground

v (—- = attack survivability, the VT/SC can also
G <50% Int, Pwr Dive
P N A :u‘;x m g,‘l’:,"‘;”' be employed to improve reattack capabili-
£ 5wl Tl
s ty. The ability to perform a reattack
5 560F T
Esw— . ° ° .3§$$33%m maneuver without losing sight of the tar-
e and Climb
= ° gk A
§5m' ke get or letting the target escape could be
500 1 1 L
] 45 0
DIVE ANGLE - DEGREES very valuable, This feature was not a
Figure 3-5 VT/SC Allows Increased Pullout Speed part of the VT/SC evaluation.
9
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The VI/SC effects were qualitatively noted during the simulated landing ap-
proach maneuvers. It was demonstrated that use of the VI/SC considerably reduced
the airplane angle of attack during this flight phase as compared to that of the
same configuration without use of VI/SC. The decrease in angle of attack greatly
improved pilot visibility of the runway, and all of the DSFC landing approach evalu-

ation runs were made with the use of VT/SC.
3.3 DSFC EVALUATION

Previous studies on direct sideforce control by Cornell and Boeing provided
the background for further investigation of the benefits of sideforce implementa-

tion and the control mechanization methods.l’2

The Cornell study indicated that
the pilots prefwrred an independent sideforce controller, one that was not associ-
ated with the primary flight controls; but the thumb wheel mechanization used in
the Cornell study was not adequate, The Cornell findings led to the development
of the proportional command thumb switch for the LWA simulation evaluation (Figure
3-3).
. Results from both studies indicated that rudder pedals would serve as an
acceptable method of sideforce control., However, use of the rudder pedals for DSFC
precludes normal rudder contrcl. Therefore, one phase of the simulation evaluation
was devoted to pilot comparison of these two candidate control methods.

Two types of airplane response can be obtained from application of direct side-
force control input. One mode is to develop a sideslip angle without changing the
airplane heading which results in a lateral translation of the airplane flight path.

The other mode is to use the sideforce to curve the airplane flight path and, by main-

taining zero sideslip, developing a yaw rate and thus a change in airplane heading.

1Hall, Warren G., A Flight Test Investigation of Direct Side Force Control, Air
Force Flight Dynamics l.aboratory Technical Report AFFDL-TR-71-106, September 1971.

2An Investigation of Direct Sideforcc Control for Improving Maneuver Capability
of Attack Aircraft, The Boeing Company, Report D 180-14004-1, October 1971.
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The first mode was termed the "sideslip" or Bmode and the second, the '"yaw rate" or ¢
mode., In either mode, any aerodynamic coupling between DSFC forces and other axes was
removed by the flight control system., The Cornell and Boeing studies were oriented
toward use of sideforce control during ground attack and a preference toward the
yaw rate mode was indicated for that task. The LWA simulation evaluation was ex-
panded to include landing approach to determine if a change in flight phase would
change the preferred sideforce mode. Both modes were incorporated in the LWA simu-
lation, and switching was provided to enable comparative evaluation of the two modes
for the ground attack and landing approach runs.

One objective of the simulation was to conduct the runs in a manner to repre-
sent a realistic combat situacion while maintaining sufficient control on the
initial flight conditions to obtain meaningful quantitative data for comparison.

To this end, discussions were held with the Air Force TAC pilots prior to the DSFC
ground attack evaluation. The pilots desired a roll-in maneuver to the target
which would provide them with typical target alignment tasks. Also, in view of
the expected future threat, it was felt that high flight speeds would be necessary
for survival,

‘The resultant ground attack evaluation run sequence was as follows: Each run
started with a 12,000-foot range and a 12,000-foot lateral offset from the target
and included a roll-in from an initial altitude of 13,000 feet at an airspeed of
400 kias. The dive angle was 45 degrees with bomb release at 4000 feet altitude
and 558 kias. The depression angle of the fixed sight was set to agree with the
above drop condition and thus gave the proper sight pendulum effect.

The run matrix of 30 runs summarized in Table 3~1 was performed by each pilot.
The run matrix allowed comparison of the conventional flight control with combina-
tions of the two DSFC controllers and the two DSFC modes with and without crosswind
effects. The VI/SC was not used during the DSFC ground attac'c runs.

The objective of the DSFC ground attack evaluation was to measure and compare
pointing errors and bomb miss distances based on the fixed, depressed reticle aiming

system, Previous studies have shown that DSFC can effect significant improvements
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Table 3-1 DSFC GROUND ATTACK EVALUATIUN RUN MATRIX FOR EACH PILOT

® INITIAL CONDITIONS: 13,000 FEET ALTITUDE; 400 KIAS; STRAIGHT AND LEVEL
® DROP CONDITIONS: 45-DEGREE DIVE ANGLE; 4000 FEET AL)ITUDE; 558 KIAS
[ RUNNOJT 2 3 4 5 6 7 8 9101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30
CROSSWIND
o NONE 14 v
®30 KTS V- v
DSFC CONTROLLER
o RUDDER PEDALS Vv 14 12 v
o THUMB SWITCH v 14 V- v
DSFC MODE
¢ NONE vVvy Vv Yy
e SIDESLIP, B . VvV vVVvy Vvyvy Vvvy
o YAW RATE, ¥ vVvy vVVvy vvy vV VvvVY

in accuracy under these conditions by removing the pendulum effect normally in-
curred with this type of bomb sight. This study extended these prior investiga-
tions to include evaluations of the DSFC controllers and modes.

The computed weapon impact points for each piiot are recorded in Appendix J.
The impact points were calculated using vacuum ballistics from the actual release
conditions existing when the pilot squeezed the bomb release trigger on the control
The averaged azimuth pointing errors at the time of bormb release are shown

stick.

in Figure 3-6. The azimuth errors were generally small as was expected. Interest-

ingly, the effect of DSFC on azimuth

=]

—
2 errors was a marginal improvement or
=
E | 4 } g ———— :
Eg even a detrimental effect.
o =
=, wnl v | x w1 w) x L
> | = S -3 - o
E% o = I £ 3 215, 5718 = There are three factors which may
<& 3 |+ & n a s &l & zla
W (9 -4 Py o (=3 § [+ 3 allo
2 10»-5 8HEH=H= 12H& a =Hz= have some bearing on these results.
-3
S |12 12| =] |& zlZ2]|2|[F||F
N EE INISIGIEREININIAIS First, there may have been adequate timc

NO CROSSWIND WITH CROSSWIND

Figure 3-6 DSFC Did Not Improve Azimuth Pointing
Accuracy

pointing error.
task.

possible,
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during the dive to make the necessary
double-roll maneuvers in the conventional

configuration to minimize the azimuth

From 10 to 15 seconds were available to the pilot for the alignment

Had this time been reduced, fewer correction maneuvers would have been



Second, the initial roll-in and gross alignment correction was made by con-
ventional control methods; for the DSFC modes, the pilot had to mentally decouple
the heading and roll axes for the final tracking tasks. The pilots had a tendency
to continue to make heading corrections with roll even while applying the DSFC and
thus, in many cases, they did not take full advantage of the DSFC capability.

Third, the pilots did not have enough experience with DSFC to mentally define
its region of operation. That is, the pilots did not know for sure how close the
initial correction had to be before they could comfortably rely on the DSFC to make
the final corrections. 1t is evident that in order to overcome these last two
factors the pilots would need to participate in a more lengthy training program.

Comparisms of average elevation pointing errors are given in Figure 3-7. Use
of the DSFC thumb switch controller in the yaw rate mode gave consistent improvement

in the elevation pointing accuracy. Ap-

Iy
2 ] parently the pilot's ability to make the
= [ 1M .
8g ] proper elevation corrections is degraded
E-f_ 21|41 5 = 3114 sl =
éa:m 1.NENEIE E —12[E[IE[ 2 |1 during the double roll maneuver with the
=1 slEle) .~ & HEl=lEl B
& SHEE] (o] ree- oHeEl &S] o] ro
g H=HeHEHEHSZ [EHEHEHEHE]{ sisht pendulum effect. By reducing or
é AEHIEIHIEREIEIEIEIE
= NREILIEIRIES SIGIIE IS eliminating the rol. ..g raneuvers with
e TUTH: GRCERrYS DSFC, the pilot can better relate the
Figure 3-7|DSFC with Yaw Rate Mode and Thumb Switch
Gave Consistent Improvement in Elevation sight and target vertically to make the

Pointing Accuracy
necessary pitch corrections. The fact

that no improvement 1is shown with the rudder pedal controller may be due to the
ease with which the pilots can make elevation and azimuth corrections by hand,

a familiar method to them, as compared to separating the control functions to the
hand for elevation and to the feet for aziimth correction.

The finding that the elevation pointing error with conventional control with
the 30 knot crosswind is less than that for conventional control without crosswind
was unexpected. Since the DSFC runs show the expected accuracy degradation with
crosswind, it is probable that the average conventional results with crosswind are

favorably biased by the relatively small sample size, i.e., nine runs,
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The total effect of DSC is measured by the average weapon miss distance
(Figure 3-8). This measurement reflects not only the pilot's ability to point the

aircraft, but also the effect of the

. r_‘-ﬂ | different pointing methods on his capa-
&, =] bility to perform the other necessary
Z1s ey
% = functions, i.e., attain the required
(=]

w
glo | dive angle, altitude, and speed for
.37 s 4
3 mioy weapon release.
g2l = = 114l ==
8 MIFTEIBIE HIEIEIE :
§05 HIEIHIHIE HIEIEIAIE Although the effect of DSFC on point-
S0 S el l12121 18 =112112]
4 = jos} @ o = Lt Lad - o
§ 8 é HIE g HIENE § ing errors is not consistently good for
zllellel]~t]|= zllz]l|=]|~
- - - - Q - - -
oL 1S1i=l]s]]« e A 2 i e all DSFC modes and controllers, the bomb
NO CROSSWIND WITH CROSSWIND

Figure 3-8 DSFC Ymproved Weapon Delivery Accuracy Up minz, AlsEiies SENPORRR St il

to 30 Percent cases with no crosswind. It appears,
therefore, that DSFC definitely improves the pilot's ability to achieve the desired
angle, altitude, and speed for weapon release.

The rudder pedal controller mode appears inferior to the thumb switch control-
ler with regard to total pilot control coordination for the target tracking task.
This may be attributed to the hand/foot coordination difficulty mentioned above.
When the thumb switch controller is used, the yaw rate DSFC mode appears somewhat
better for both crosswind cases. For this mode, the bomb miss distance improve-

ments with and without crosswind are approximately equal in magnitude, but the

percentage improvement is less in the crosswind case.

The use of DSFC during landing was investigated during the simulation by having
each pilot complete a matrix of 15 approaches wherein the effects of the DSFC con-
troller, DSFC mode, crosswind and turbulence were evaluated (Table 3-2). The data
taken during the runs consisted of time histories of the state variables. Some of
the time history data obtained are included in Appendix J. The initial condition
of each run was 40,000 feet from the runway with a 5-degree glide slope and a
3000-foot lateral offset to the left of the runway centerline. The pilot task in

each case was to make the lateral offset correction and continue the landing



Table 3-2 DSFC LANDING APPROACH EVALUATION RUN MATRIX FOR EACH PILOT

© INITIAL CONDITIONS: 40,000 FEET RANGE; 160 KIAS; 5-DEGREE GLIDE SLOPE

RUN NoO .| 2 3 4 5 6 7 8 9 10 n 12 13 14 15
CROSSWIND
0 KTS V— v
* 30 KTS vV 4

DSFC CONTROLLER
¢ RUDDER PEDALS v Vv v vV v v v v
e THUMB SWITCH 14 v Vv v

DSFC MODE
o NONE 14 v 4
* SIDESLIP, B . v 4 4 4 4 14
o YAW RATE, W 4 4 4 14 14 14

TURBULENCE
* NONE vV 4
o 11.4 ft/sec rms v 4

approach until just before touchdown. The crosswind in the problem was from the
right and thus the pilot had to overcome both the lateral offset plus the cross-
wind to align with the runway and then he had to continue the approach while com-
pensating for the crosswind.

Examination of the data indicates that without crosswind a smoother approach
can be made with the DSFC sideslip mode engaged than with the conventional configu-
ration (Figure 3-9)., Also, it appears that the rudder pednls are preferable with
the sideslip mode since the runs made with the rudder pedal are slightly smoother
than those with the thumb switch and since the pilot can apparently hold the con-
trol with his feet for a longer time with less fatigue than with his thumb.

The yaw rate mode does not appear to offer any improvement since a considerable
amount of roll control is still required as well as DSFC. Also, in order to make a
lateral displacement correction, the pilot must leave the runway heading and fly a
crosstrack until he feels he is nearing the runway centerline. With the sideslip
mode, the airplane heading is maintained with that of the runway, and the pilot is
given a more positive cue as to when the lateral error has been corrected.

The DSFC sideslip mode can also be used to advantage during crosswind landing
to reduce roll and crab angles. The DSFC control power requirements to correct for

lateral displacement plus crosswind were found to be quite high; but, if the
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Airplane Initial Lateral Offset is 3000 Ft Left of Runway

re T R T
R R

Figure 3-9 DSFC Sideslip Mode with Rudder Pedal Control Provided Smoother Approaches

initial gross lateral displacement is made by conventional techniques, the remain-
der of the landing problem is considerably simplified with the sideslip mode. It
appears that the thumb controller gives a smoother approach than the rudder pedals
with crosswind, The yaw rate mode with crosswiﬁd, as in the cases without cross-

wind, does not offer any improvement over the conventional configuration
3.4 PILOT'S COMMENTS

The three USAF TAC pilots who participated in the ground attack simulation
task were current in fighter/attack aircraft. All had recent Southeast Asia ex-

erience. A '"consensus" report was prepared by the pilots, and excerpts related
p y

to the evaluations are given below. The complete report is documented in Appendi.: .J.

"5. To evaluate powered lift, each pilot ran through a series of dive
bomb passes varying roll-in airspeed, dive angle, power setting and

jet flap deflection angle. Data were collected to determine the effect
of the jet flap on controlling airspeed in the dive and on decreasing
altitude lost during recovery. It was obvious to all pilots that the
jet flap would produce somewhat of a speedbrake effect when used in the
dive. Maximum utilization of the jet flap during recovery both de-
creased altitude lost during pullout and decreased time to establish a
climb back to above 10,000 feet AGL....
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"6, The evaluation of direct sideforce was in two parts. The first
part was a series of dive bomb passes in which the pilot's ability to
solve lateral pipper placement and drift was evaluated. Variable con-
ditions included crosswind, direct sideforce control (DSFC) in both
sideslip and yaw rate modes and the position of the direct sideforce
controller using rudders or a thumb switch. 1If the original pipper
placement was in excess of 30-50 mils error, all pilots preferred to
use conventional rudder and bank control to reposition it. Once the
pipper was close to the target, DSFC could effectively be used to solve
the rest of the pipper placement problem. The pilots were not always
confident that they could achieve consistent solutions with DSFC., Due
to occasional malfunctions with the simulator and the lack of experi-
ence to create their own 'techniques' for DSFC placement of the pipper
the pilots did not have an obvious feel for one method being superior
to the other,

"7. The second part of the DSFC evaluation was during approaches to
landing. Straight in approaches were made with and without cross-
winds. Again, the two types of DSFC and the position of the controller
were evaluated. The pilots disagreed on which mode, yaw rate or side-
slip, they could utilize most effectively, but they did agree that DSFC
could assist the pilot during approaches and landings. All pilots
wanted to retain conventional rudder and roll capabilities with DSFC
being an additional instead of a replacement feature. Placement of a
DSFC switch on the stick was considered unwise. The control stick is
the direct force type and unwanted inputs could be generated while
actuating the DSFC switch with the thumb, A throttle location should
be considered....

"8, Pilot comments on the mechanization of the simulation: Video field
of view was too small, 1In side slip mode, roll was limited to less than
180 degrees. A fixed armrest for the stick arm was not equally com-
fortable to each pilot. Rudder force control was not the right magni-
tude. Using full afterburner and full jet flaps during dive recovery
would overflow the computer memory.

"9, Recommendations: Further investigation into the use of powered
lift and direct sideforce devices should definitely be continued.
However, the advantages in maneuverability that these devices provide
shoi1ld be examined over the entire flight profile. The survivability
and defensive ability of a ground attack aircraft should be greatly
improved by the proper utilization of these devices. All pilots in-
volved would like to see the next simulation of the LWA address the
entire mission profile. The DSFC is available at only a small cost in
terms of weight and complexity but provides much in the way of addi-
tional maneuverability both offensively and defensively. Incorpora-
ting powered lift would not be as cheap, but at combat airspeeds it is
cheaper in terms of added weight per unit of 1lift than conventional
aerodynamic 1ift,

"10. During the week, the pilots spent their free time talking with
engineers from many different departments at the plant. These meetings
proved to be very informative for both parties involved. All pilots
felt it was extremely beneficial to have an opportunity to make opera-
tionally oriented inputs at the concept and design phase. Many engi-
neers and their supervisors expressed themselves as hoping there would
be future opportunities for dialogue directly with operational pilots.
It is recommended that TFWC and TAC favorably consider any future
requests from AFFDL, or the aerospace industry, that would allow opera-
tional ideas and pilots to be a part of new aircraft design at the con-
cept and design synthesis stage."
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In addition to the report quoted above, each pilot commented concerning his
own evaluation. Pertinent excerpts from these personal evaluations are presented
below,

PILOT A

"1, First, and perhaps most important, I feel that bringing the pilots
into the development of a future fighter at the conceptual stage is a
must. I feel that the limited inputs that were made wiil be invalueble
and save much time and money.

"2. The Vectored-Thrust concept is extrcmely valuable. The present
design problem with negative angle-of-attack developing on the forward
canards utilizing maximum wing-burn and maximum aft-stick needs to be
worked out; however, any means by which we can obtain more performance,
more lift and climb out of the groundfire environment on a quicker basis
is a bonus. Care must be taken in development to insure that all of the
additional 1lift capability can be taken advantage of throughout all
phases of flight, especially the critical phases such as pull-out of a
dive delivery maneuver.

"3, The Direct Side-Force Control is a good concept. The advantages
through many phases of flight are obvious. However, your present
desi~n does not give enough side-force velocity to be worth the cost.
The objective of side-force control should be to avoid ground-fire,
not to reduce pendulum-effect errors in the bombing problem. By 1981,
I hope we are not working with iron-sight systems for bombing. In
modern sighting systems, we do not have pendulum-effect problems, so
DSFC should be approached as another addition to the maneuverability
of the aircraft, and therefore making the aircraft less vulnerable.

"4. Other areas such as cockpit layout, position of control stick,
the fly-by-wire concept, and many other details were discussed at
length during the week I was there, These details must be evaluated
by pilots before being incorporated into the finished product if we
are to optimize the development cycle.

"5. It is absolutely a requirement that as this aircraft is developed
further the pilots be brought in again for another evaluation. The
benefits from such an evaluation should prove to be immense in te.ms
of time and money saved."

PILOT B

"powered Lift: I could tell that using (the VT/SC) flaps would allow
you to roll in at higher airspeeds and power settings and still have

the same airspeeds at release, but I didn't really have a feel for how
this was vo much greater than using regular speed brakes, No doubt on
recoveries though. The effect there was loud and clear. After bomb
release you can recover with less altitude lost, rotate to a climb atti-
tude quicker, and get back to altitude much faster.

"NDSFC-Bombing: I felt like I could make large corrections much easier
with conventional controls, but making those last small corrections

was aided by either mode. Unless I looked close I wouldn't notice the
difference in pipper track using one mode versus the other., Sideslip
always scemed slower., I felt like when I was making very small correc-
tions that I'd have the control in and back out before I'd sec any
response,
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"Rudders vs. thumb switch: T know thz. I'm not sure which I like but
that's about all. When using yaw rate I tried to use the thumb switch
like a trim button and that seemed pretty natural, Only trouble (was
that) it was an off to full-on movemernt. If I wantec some rate less
than full, I felt more sure of my degree of input using rudders. But
then this ties up rudders so they aren't conventional. Now sideslip.
Again, incremental application would seem best with the thumb., Only
thing is I don't know how violent this would be going from off to full-
on all the time. Once you're on coursz and want only a small input I'd
rather use rudders. In any case I don't think you want the control on
the stick. If you're applying only thumb power for DSFC, you're very
likely to cause stick inputs. And as you attempt to change force in-
puts to the stick, I think it would be difficult to hold a constant
position with your thumb.

"DSFC/(Landing) Aprroach: Sideslip must have enough control authority
to compensate for whatever the maximum allowable crosswind for landing
is designed to be. I could see very little difference if any at all
between conventional and yaw rate, It probably would be less disrupt-
ing in actual weather to yaw rather than turn but this wasn't apparent
in the simulator. To evaluate the sideslip mode I found it much quicker
to yaw or turn to correct to centerline, then align my heading with
course and hold that position with sideslip. Sideslip always seemed
too slow for the large corrections but could hold you fine once on
course. On the approaches I'd attribute any misalignments to poor
visual display rather than one mode allowing me to torrect to and hold
centerline better than another. Holding sideforce inputs with the
thumb is going to get tiresome for the 5 minutes or so of the approach.
Here I'd much prefer rudders as controls. Somewhat at high speeds,
but especially at approach speeds, I felt that DSFC was fighting con-
trol of the aircraft when I applied ailerons (or ailerons and rudder
when control was on thumb switch) to attempt to maneuver and turn the
aircraft, We can't live with this kind of control interference. I
think any pilot who "felt" the DSFC trying to fight for control of his
aircraft would cut it off and never turn it on again."

PILOT C

"VECTORED THRUST/POWERED LIFT
"1. Vectored lift, utilized by means of a jet flap system was evalu-
ated with respect to dive bomb runs and landing approaches. 1Its value
as a speed reduction device during the bombing runs was negligible
during the pull out, the use of wilag burner with full flaps produced
excessive delta "G" however, utilizing military power until the nose
was level and then selecting wing burn2r produced very good climb
results, and considerably reduced the time required to reach 10,000 MSL.

"2, Use of vectored lift during the landing approach reduced the angle
of attack required to maintain the glide path, When using full flaps,
however, the aircraft tended to pitch nose down when power was applied.

"SIDE FORCE CONTROL STICK
"I would prefer to have the stick in the conventional position so that
the aircraft can be flown with either hand.

"DIRECT SIDE FORCE CONTROL
"1l. Both the sideslip and yaw rate modes of operation have a practical
application to dive bombing. The aircraft heading or position can be
changed without introducing bank into the tracking problem. Additionally,
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a steady ground track can be maintained using the sideslip mode without
having to place the aircraft in a crab.

"2. iae effectiveness of jinking maneuvers utilizing the yaw rate and

sideslip modes 1is difficult, if not impossible, for the pilot to deter-

mine in the simulator.

"3, In utilizing the DSFC modes, I found that using the thumb switch

was easlest for me during the initial portion of the tracking problem.

In the latter part of the tracking problem, the rudder pedals allowed

smoother tracking than the thumb switch,

"4. 1In using either DSFC mode in conjunction with the rudder pedals,

you lose normal rudder operation. Unless there is a compensating rudder-

aileron interconnect, it becomes difficult to manually turn the aircraft.
"DSFC MODES ON FINAL LANDING APPROACH

"1, Sideslip and yaw rate both have practical uses in the landing

approach for course correction. However, in a high crosswind condition

sideslip has a limited value due to its reduced effectiveness at low

airspeeds. I had trouble trying to manually turn the airplane while
the sideslip mode was engaged."

3.5 CONCLUSIONS

Considering both the quantitative and qualitative evaluations, the VI/SC and
DSFC technology concepts appear to have merit. The VT/SC quantitative evaluations
were not particularly amenable to comparative analysis, but the usefulness of the
improved turning capability in a ground attack mode was verified by the pilots.
Also, it was demonstrated that the VT/SC capability results in considerably im-
proved visibility during the landing approach by decreasing the airplane angle of
attack. The use of VI/SC in other flight regimes should be explored through addi-
tional simulation activities. Use of a separate lever for VI/SC nozzle vector
angle control was not satisfactory. A control location on the throttle is a
possibility.

The DSFC offers weapon delivery accuracy improvements for fixed, depressed
reticle aiming systems. The DSFC yaw rate mode, wherein the airplane heading is
controlled, appears to glve better delivery accuracy than the sideslip mode,
wherein the airplane lateral translation is controlled. The question of DSFC
benefits for a computed-solution-type delivery system could be approached with

additional simulation activities,
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The DSFC sideslip mode offers a significant improvement to the landing approach
problem by providing the pilot with the ability to maintain runway heading while
making lateral displaccement corrections and/or controlling crosswind. Crosswind
control may be a major criterion for sizing the sideforce control surfaces. The
DSFC yaw rate mode does not appear to offer any improvement over conventional land-
ing techniques. The preference of different DSFC modes during different airplane
flight phases introduces the possibility of multimode DSFC operation available for
selection by the pilot.

No clear preference was given by the pilots to either of the two DSFC control-
lers investigated. They did favor retention of rudder control capability rather
than replacement of rudder control for sideforce control, since they do, at times,
command rudder during maneuvering. The thumb switch provides good pitch/heading
coordination and remains as a candidate controller. However, when used on a fixed,
force-sensing control stick, the thumb switch commands can be inadvertently trans-

mitted into the roll channel of the control stick.

28



SECTION 4

SURVIVABILITY SIMULATION

The objective of the survivability simulation was to evaluate the effect of
maneuverability on aircraft survivability in the presence of an anti-aircraft artil-
lery (AAA) threat. The evaluation included man-in-the-loop simulation of an ad-
vanced radar-controlled, 23-millimeter gun and an aircraft flying both maneuvering
and nonmaneuvering flight profiles. The two advanced technologies of interest for
the LWA aircraft, Vectored Thrust/Supercirculation (VT/SC) and Direct Sideforce

(DSFC), were utilized for maneuver augmentation.

4.1 SIMULATION SETUP

The flight profiles employed in the survivability simulation had been recorded
during the man-in-the-loop ground attack simulation of the LWA Configuration 29
(see Figure 3-1) and provided a "man-against-man" situation for the study. The
survivability simulation was accomplished by use of the Air Force Electronic War-
fare Evaluation Simulator (AF-EWES) located at Convair's Fort Worth facility.

The AF-EWES was configured to simulate a generic AAA fire control radar with
associated 23-millimeter gun and projectiles.

One 23-millimeter four-barrel gun

was simulated.

Table 4-1 GUN AND PROJECTILE PERFORMANCE
CHARACTERISTICS

Gun pointing dynamics were assumed identical for all barrels. It

was also assumed that gravity was the

PARAMETER VALUE OR TYPE only force acting upon the projectiles.
OGUN The dispersion of the four-barrel gun was
NUMBER OF BARRELS 4
RATE OF FIRE, PRACTICAL defined as +5 milliradians. Performance
(RDS/MIN/BARREL) 325
LIMITS (DEG) characteristics of the gun and projec-
TRAVERSE 360 ; FLes Bheip pro]
ELEVATION 070 85
RATES, TRACK (DEG/SEC) tiles are delineated in Table 4-1.
TRAVERSE, MAXIMUM 80
ELEVATION, MAXIMUM 45 In order to simulate an advanced
®PROJECTILE
technology AAA threat appropriate to the
CALIBER (MM) 23
WEIGHT, API-T (LB) 0.419 operational time period of the LWA, the
FUZE TYPE POINT DETONATING
RANGE, TACTICAL, MAXIMUM ;
WITH RADAR (FT) 2800 linear prediction approach common to
MUZZLE VELOCITY, API-T
(FT/SEC) 3052 present-day fire control directions was
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replaced by quadratic pfediction. The quadratic prediction circuits and equations
are given in Appendix K,

In order for the gur to fire, the following requirements had to be met: (1)
the predicted slant range from the radar site to the target aircraft had to be
equal to or less than 9800 feet, (2) the elevation angle of the gun barrels had to
be equal to or between the limits of 0 and 85 degrees, and (3) the radar operators
had to depress a FIRE switch and hold it in the depressed position as long as the
radar tracking was satisfactory. Engagements were terminated either (1) after the
target aircraft reached an outbound slant range of 12,000 feet from the AAA site
or (2) at the end of the particular run.

An aircraf': radar cross section of 14dB relative to a 1 square meter cros¢
section (dBsm) was simulated and remainded constant throughout an engagement.
Scintillation was included on the skin echo return with peak amplitude variations
of 49 decibels and a Gaussian frequency distribution after being filtered through
a l-hertz, low-pass filter.

Confidence tests were performed each day on (1) the AAA radar, (2) the AAA
digital computer equipment, and (3) the completely integrated AF-EWES AAA system.
Control runs were dispersed throughout the test program in order to maintain con-
tinuous confidence in the validity of the simulation. 1In these control runs, the
target aircraft was flown along a nonmaneuvering path with an offset of 0.5 nautical

mile, an altitude of 5000 feet, and speeds of 400 and 600 knots.

4.2 AIRCRAFT MANEUVERS

4.2.1 FLIGHT PROFILES

The flight profiles of interest for the survivability evaluation are of two
types: peuetration and weapon delivery, The penetration profiles investigated
ranged from (1) nonmaneuvering, straight and level flight to (2) gentle S-weave
turning at constant altitude to (3) hard jinking with altitude cﬁanges. Each
penetration profile type was flcwn at two speeds, 400 and 600 kias,

The nonmaneuvering and S-weave profiles were flown using pnly conventional
controls, The jinking penetrations were made with conventional controls gnd also

with VI/SC and DSFC. The penetration profile matrix is given in Table 4-2.
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The survivability evaluation for weapon delivery called for each pilot to make
three high maneuverability runs in which the AAA site was the target. The initial
conditions and drop conditions for these runs were the same as those used for the
weapon delivery runs discussed in Section 3; however, the pilots applied DSFC and
VI/SC first for evasive maneuver augmentation and then applied DSFC in the terminal
tracking phase to help align the target. The nature of these weapon delivery runs

is indicated by the time history of a typical profile as shown in Figure 4-1.

Conventional Control - Normal Delivery , DSFC and VT/SC - Evasive Maneuvering
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Figure 4-1 Weapon Delivery Profile Comparison Shows Typical Evasive Maneuver Using VT/SC and DSFC



Table 4-2 PENETRATION PROFILE MATRIX 4.2.2 WEAPON DELIVERY ACCURACY
SPEED

400 kias 600 kias The effect of the evasive maneuvers

NON-MANEUVERING

(Straight and Level a a on weapon delivery accuracy is of interest,

Flight)
S-WEAVE and miss distances were calculated for

(220° Heading Change, i a

- k

i‘.’:,ﬁ)"’" oSt the nine high maneuverability weapon de-
JINKING livery runs. Average miss distance com-

(+60° Heading Change,

60°-90° Bank, +3000' e, b a, b

to -1000° Altitude parisons are shown in Figure 4-2,

Changes)

The accuracy degradation compared
9 LWA CONFIGURATION 29 WITH CONVENTIONAL CONTROLS

® LWA CONFIGURATION 29 WITH VI/5C AND DSFC to the conventional control case is only

moderate. This is attributable to the

DSFC capability which allows rapid alion-

‘Cz’) L s § ment of the aircraft.
2 MANEUVER -
3 1.5 ” ~ — - 4.3 SURVIVABILITY EVALUATIONS
g §) g The initial data output of the sur-
g 1.0 ;;? g vivability simulation consists of projec-
@
o) g _;_’_ g tile miss distances and total rounds fired.
% 0.5 g é ; These data are presented in Appendix K.

§ % § The evaluation of aircraft survivabilty

was made from these firing data by calcu-

Figure 4-2 Effect of Survivability Maneuvers on

Weapon Delivery Accuracy lating kill probabilities (PK) by use of

a statistical model, which is described in Appendix K.

Two measures of kill probability were obtained, a l-minute Pg and a 5-minute
PK. The l-minute data (PKK) are based on a crew or engine kill which disables the
aircraft within 1 minute. The S-minute kill (Pga) is based on the additional pos-
sibility of aircraft disability due to fuel leakage.

4.3.1 PENETRATION SIMULATIONS

The survivability evaluations of the penetration simulations are shown in
Table 4-3. The l-minute kill probabilities Pk are very low in all cases. Sig-

nificant points to be made from the 5-minute kill probabilities are as follows:
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Table 4-3 PROBABILITY OF AAA KILLING AIRCRAFT

INITIAL POSITION PROBABILITY
U4 e OF KiLL4
CSS'D C%’“gg?" RN ofeser’ | aLtiTupe | SEANE | seeep | DATA
: (N.ML) (FT) (N.M| .) (KT) RUNS PKK PKA
4 CONVENTIONAL | NONE 20,5 1000 4.0 400 3 0.0524 | 0.9999
5 -1.0 3 0.0209 | 0.9923
6 -0.5 5000 8 0.0385 | 0.9993
7 -1.0 3 0.0124 | 0.940)
AVERAGE 0.0332 | 0.9877
8 CONVENTIONAL | NONE -0.5 1000 4.0 600 3 0.0331 | 0.9984
9 -1 3 0.0220 | 0.9912
10 -0.5 5000 3 0.0093 0.8426
1 -1.0 3 0.0133 | 0.904)
AVERAGE 0.0194 | 0.93a
12 CONVENTIONAL | s-WEAVE? -0.5 1000 4.0 400 5 0.0037 | 0.5504
13 510 5 0.0022 | 0.4613
14 =0.5 5000 5 0.0000 | 0,0040
15 -1.0 5 0.0002 | 0.0545
AVERAGE 0.0015 | 0.2677
16 CONVENTIONAL | S-WEAVE -2.0 1000 4.0 600 5 0.0042 | 0.6275
7 -1.5 5 0.0066 | 0.6835
18 s 5000 5 0.0001 | 0.0176
19 -1.0 5 0,0000 | ©0.0000
AVERAGE 0.0027 | 0.3322
20° CONVENTIONAL | JINK3 -0.5 1000 4.0 400 5 0.0000 | 0.0000
21 -1.0 5 0.0000 | 0,0000
22 -0.5 5000 5 0.0000 | 0.0000
23 0 7 0.0000 | 0.009%0
AVERAGE 0.0000 | 0.0029
24 CONVENTIONAL | JINK 0.5 1500 4.0 600 6 0.0000 | 0.0000
25 0.25 5 0.0000 | 0.0000
26 0.5 5000 7 0.0000 | 0.0000
27
AVERAGE 0.0000 | 0.0
28 vI/5C JINK 0.5 1000 4,0 400 5 0.0000 0.0000
29 AND 0 5 0.0000 | 0,0000
30 DSFC -0.5 5000 6 0.0001 | 0.0258
3l 0 5 0.0004 | 0.0733
AVERAGE 0.0001 | 0,0248
32 VI/5C JINK -1.5 1000 4.0 600 6 0.0000 | 0.0000
33 AND -1.0 5 0.0000 | 0.0000
34 DSFC -1.5 5000 5 0.0000 | 0.0000
35 =1.0 6 0.0000 | ©0.0000
AVERAGE 9.0000 | 0.0000
NOTES:

1. Negoative offset mears the aircraft approaches with the AAA site on the left,

2, Aircraft heading was changed approximately +20° using 30°-40° bank while maintaining altitude.

3. Alrcraft heading was changed approximately +60° using 60°-90° bank with obout +3000, -1000
altitude variation.

4, PKK - One minute Pk

Pa - Five minute Py (involves fuel tank vulnerabitity) See Appendix K,

33




1. The AAA achieves a 0.9 to 1.0 average Py, against a nonmaneuvering
target. Increasing speed from 400 to 600 kias results in only a
small Py reduction. The relatively low Py for Run Condition 10 is
apparently an anomaly due to the limited sample size rather than
the specific aircraft flight profile.

2. The Pgp's for the S-weave profiles are decreased from those of the
nonmanewering case by an order of 3 to 4. The Pg's are lower for
the 400 kias profiles than for those at 600 kias. This 1is attribu-
table to the more pronounced flight path displacements resulting
from the lower turn radii at the lower speed. (It is noted that
the Pg's for this gentle maneuvering profile would be virtually
zero if the current-day AAA threats had been simulated using linear
predictions rather than a quadratic predictor.)

3. Jinking reduces the AAA kill probability for the quadratic predic-
tion gun considered here to virtually zero. The use of VT/SC and
DSFC is not necessary to achieve this result. When jinking flights
were flown directly toward the AAA site so that the relative motions
between aircraft and gun were reduced, some non-0 Py's were obtained.

4,3,2 WEAPON DELIVERY SIMULATIONS

The weapon delivery flight profiles which were evaluated for survivability in-
cluded (1) conventional controls and normal delivery, (2) DSFC and VT/SC and normal
delivery, and (3) DSFC and VT/SC and initial evasive maneuvers. The initial offset
distance and altitude were 2 nautical miles and 13,000 feet in all cases. The AAA
site was located at the target point,

Nineteen data runs were made and all resulted in O Pg's. This result is a
consequence of the roll-in maneuver used to close out the initial offset. The AAA
tracking system did not recover from the initial prediction transient in time to

achieve kill prior to weapon release and aircraft pull-out.
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4.4 CONCLUSIONS

Maneuverability is an effective counter to an advanced quadratic-prediction-
type AAA, In a one-on-one situation, hard jinking will probably be necessary to
achieve an acceptable level of survivability against future AAA threats. Although
VT/SC and DSFC offer additional dimensions of maneuverability, it is not apparent
that they will materially affect survivability; however, they can possibly reduce
degradation of the. pilot's performance of other tasks while he is performing sur-
vivability maneuvers.

It should be noted that in this study only one type of threat having an assumed
level of advanced technology has been considered. Consideration of other threats
such as the various types of surface-to-air missiles or different advancecd AAA
might result in a survivability distinction between jinking with conventional con-

trols and jinking with DSFC and VT/SC.
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APPENDTIX A
TECHNOLOGY AND OPERATIONS

ASSESSMENT

The LWA program is directed toward evolution of a weapon system which embodies
new approaches to aircraft design and operations. The program does not include
synthesis of conventional configurations to meet conventional requirements.

Present and future technologies and operational requirements were assessed
early in the program. Knowledge gained from this assessment, supplemented by addi-
tional development and analysis as appropriate, has been used to examine the poten-
tial performance of integrated, advanced/emerging technology LWA configurations in
relation to postulated environments. Important aspects of the technology and

operations assessment activities are discussed below,

A.1 TECHNOLOGY ASSESSMENT
A.1.1 AERODYNAMICS
The LWA aerodynamic assessment has centered on achieving the following
fighter characteristics:
o Superior instantaneous and siLstained maneuver capability
during ground attack and in .’ r-to-air combat
o High longitudinal acceleration and maximum speed
o STOL capability.
A number of advanced/emerging aerodynamic concepts offer potential for the improve-
ment of future close air support aircraft. These concepts include
o Powered Lift

o Spanwise Blowing
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o Supercritical wing
o Close-coupled canard
0o Wing-body integrated design.

A.1.1.1 Powered Lift

The fighter characteristics listed above lead to high thrust-to-weight air-
planes with wings of advanced design. These configuration trends can conceivably
result in an advantage for powered 1ift concepts.

The simple~t form of powered 1lift is the vectored-thrust concept. This arrange-
ment provides STOL performance and increased maneuver capability at low speeds

(Figure A-1).

10
5 T
® LANDING [i)lSTANClE : ___..l.._...._?___‘ l
) o
ok u° %) - i = ==
P W U 8 -
s | Ea
& AT WOt = o5 L Bl 0 ~ e
= * ) oqj\s' PR 9 s o P s,
s o P (<) " o
821921 ; 5
= W0 5 4 | : Ll P
& THRUST VECTOR ANGLE =307 \
z g & ®DATA POINTS FROM NASA FLIGHT | >
s 2 2|—TESTS OF KESTREL AND P1127
o :
R

VECTORED THRUST AIRCRAFT AVERAGE ALTITUDE 16,000 FT
l COMBAT WEIGHT 14,000 LB
I re 1 L
200 220 240 260 280 300 320'AS 340 30 380 400 420 440
L 1 L_n L ] J
0.4 0.5 0.6 0.7 0.8 0.87
16 20 24 28 32 34 MACH NUMBER
GROSS WZ«GHT (1000 LB) Re:. GDC PIN 71-577

Figure A-1 Vectored Thrust Can Decrease Landing Distance and Increase Turn Rate

The direct aerodynamic problems due to vectoring thrust can be solved, but thrust
moment balancing, engine-out performance, and safety requirements can heavily in-
fluence a vectored-thrust aircraft configuration,

A new concept for obtaining ;he benefit of vectored thrust and at the same time
augmenting the wing 1ift is the NASA vectored thrust with supercirculation (VT/SC)
concept. In this concept, the engine nozzles are placed at the trailing edge of the
wing; when vectoring is applied, the jet induces a large additional circulation on

the wing (Figure A-2). NASA is continuing tests of this concept, which holds promise.

Corson, B. W., Jr., Capone, F. J., and Putman, L. E,, Lift Induced on a Swept Wing
by a Two-Dimensional Partial-Span Deflected Jet at Mach Numbers from .20 to 1.30,
NASA TM X-2309, August 1971.

38



.6
o
[m="02] y.
a=-1,3¢ "
. TEST
b 15°
2 s, .
-
-~
. Cd
"'P ~%d
JET FLAP THEORY
> O =
®AR = 2,47 os/s = 235
e\ = 67° ®5 = 3,70 FT 9 =0°
ONACA 63A008 ¥ 4
0 .4 .6 1.2
CONFIGURATION OF MNASA TMX-2309 Cu
®AR = 3,0 o5 = 2.8 F12
= ®ALE = 50° os/s = .38
= e ®NACA 64A006
\
PRESENT NAS+ TEST CONFIGURATION

NASA Tests of Vectored Thrust with
Supercirculation

Figure A-2

Figure A-3 A Jet-Flap Aircraft - The Hunting H.126

Another powered-lift concept of in-
terest is the external blown flap. As in
the case of the vectored thrust with

supercirculation, the internal ducting

problems of the jet flap are eliminated;

in addition, the external blown flap can produce full-span performance.

because of the large 1lift gain. The
VT/SC is achieved by use of a partial-
span jet flap of large momentum,

The jet flap has a long test history,
and large lift gains have been demon-
strated, but these usually impose con-
siderable thrust penalties due to internal
ducting losses in the wing and external
losses aft of the nozzles. The jet flap
airplane shown in Figure A-3 suffered
considerable losses of this type because
of the use of large amounts of hot, low
pressure turbine-exhaust air. Continuing
improvements in propulsion technology
and recent work on jet flaps at high
speeds with small momentum coefficients

show promise (Figure A-l+).1’2

Figure A-4 Convair Test Data on Transonic Jet Flaps

This con-

cept results in a larger lift than the other concepts because the full engine

1 Yoshihara, H., Zonars, D., and Caster, W., High Reynolds Number Transonic Perfor-
mance of Advanced Planar Airfoils with Jet Flaps, AFFDL-TR-71-61, June 1971,

2 Grahame, W. E., and Headley, J. W., Jet

Flap Investigation at Transonic Speeds,

AFFDL-TR-69-117, February 1970.
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momentum essentially acts on the full
span of the wing. Although this concept

has been studied as a STOL device in the

past, its use for inflight maneuver im-

provement has not been widely investi-

gated (see Figure A-5).

S

A nunber of questions arise concern-
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a ~DEG < &~ DEG lift concepts discussed above. Some

Figure A-5 Fighter-Type Configurations Have Been Tested

with External Blown Flaps investigations concerning aerodynamic

and other aspects of the problem have
been mace to support the LWA program. These studies are discussed in Appendix B.

A.1.1.2 Spanwise Blowing

Another concept for enhancing wing lift through aerodynamic/propulsion inte-
gration has been considered. This concept is based on improving vortex 1lift on
wings rather than direct lift augmentation.

The stability and strength of a vortex system are increased by inducing a
spanwise flow in the vortex core. Several investigators have studied the use of
a spanwise jet for this purpose and benefits have been found.1 Convair Aerospace
tests, directed toward leading edge blowing indicate that this concept offers
promise for increasing the lifting capability of surfaces in separated flow
(Figure A-6).

A.1.1.3 Supercritical Wing

An important part of the industry's continuing intensive transonic wing design
effort is the supercritical wing as proposed by NASA, The increases in usable sub-

sonic lift available with the supercritical wing through buffet postponement and

Dixon, C. J., Analysis of Experimental Force Data for Lift Augmentation by Span-
wise Blowing Over Trailing-Edge Flaps and Aircraft Control Surfaces, Report
ERR-11190, Lockheed-Georgia Company, September 30, 1971.
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the thicker sections possible through

©® ENHANCE VORTEX LIFT FOR HIGH-SWEEP WINGS - INCREASE (| Al

its drag-rise delay can be important to
the transonic close air support fighter,

Supersonically, it is not desirable

te 1se thick wing sections, however, and
a different approach is required. Recent
test data comparing fighter wings with

supercritical and 64A sections are shown

in Figure A-7. While the supercritical

@ DELAY VORTEX BREAKDOWN - ELIMINATE ADVERSE BUFFET AND

STABILITY EFFECTS OF VORTEX BURT Wing iS 50 percent thicker § permi tting
# AVOID VORTEX BURST
IN TAIL VICINITY g ¢ a higher aspect ratio, the drag at tran-
o v iy e sonic maneuver is lower than that of the
it B .
64A wing, even though the latter wing is
O R At - et G equipped with a variable-deflection

ASYMMETRY |
R &, VORTEX BREAKDOWN

’ LimiT leading-edge flap. At supersonic speeds
' ‘%““~‘h“‘ * the sustained maneuvering lift coefficients
of the two wings are similar. With the
o s i3 s supercritical design shown, however,

an

Figure A-6 I'otential Benefits of Spanwise Blowing supersonic acceleration is reduced.
A.1.1.4 Close-Coupled Canard
s SUPERCRITICAL WING
T p—— Convair studies of fighters have for
'@"? | ,,f'f" i °M'Pl .| many years included canard configurations.
i ! Recently, huwever, tests have validated a
; E -
G j close-coupled configuration which has neg-
X , | 2 o
l /’ ligible-to-favorable interference between
1
% s canard and wing (Figure A-8). The addi-

Figure A-7 The Supercritical Wing can Improve

Transonic Maneuver Performance tion of the canard in the optimum location

increased the subsonic and supersonic

1 Tyler, S. P,, Summary Report of Wind Tunnel Tests of a Scale Model of the General
Dynamics Convair Delta-Canard Airplane With Bifurcated Inlets, TN-72-SP-02,
February 1972,
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t_:gii;%:] trimmed L/D as shown in the test data.
=

:ju | The sustained turn capability of the con-
% | | ond=— L figuration is highly promising, both sub-
i { | .__f.--r;';'.ld
oo Rl B e I sonically and supersonically. The par-
nu II ; :. 4 L] u:. T ) 1] 14 b
% ‘o ticular concept is optimized by utilizing

Figure A-8 Convair Tests Have Verified Favorable Inter-
ference for a Close-Coupled Canard-Delta artificfal stability subsonically and a

fixed canard trim supersonically., The application of the concept to the LWA is

promising. Integration with powered lift concepts appears particularly attractive.

A.1.1.5 Wing-Body Integrated Design

Recent improvements in fighter high-angle-of-attack performance have been made
by the design of wing-bodies to develop usable 1lift higher than that available from
the wing alone. One approach of this type, a forebody strake, is shown in Figure

A-9. The effect of this design feature

is shown as a significant increase in

lift and L/D at high angles of attack.
A benefit not shown in the lift and drag

is a stabilizing influence on the lateral-

directional characteristics at high e =9
Figure A-9 Wing-Body Decign Integration can
angles, Such devices can extend the load Improve L/D at High Angles
of Attack

factor capability of high-thrust aircraft which can sustain high angles of attack

in turns.

A,1,2 FLIGHT CONTROL TECHNOLOGY ASSESSMENT

A.l.2.1 Control Configured Vehicle

Modern fighter aircraft are designed so that a stability augmentation system
(SAS) is usually required to supplement their natural flying qualities. In accor-
dance with military handling qualities specification, MIL-F-8785B, unaugmented air-
craft are required to have dynamic and static stability of sufficient magnitude to
allow the pilot to fly safely without use of the SAS. With the recent increase
in reliability of flight control electronics, wherein the probability of unaug-
mented flight can be virtually eliminated, the requirement for unaugmented static
stability can be relaxed to the point where the unaugmented airframe may be
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statically unstable at some flight conditions. This relaxation leads to potential
performance improvements through the use of control configured vehicle (CCV) con-
cepts. Increased performance is obtained by allowing lower control surface trim
deflections (lower trim drag) and lower tail loads which permits an overall reduc-
tion of airplane weight (Figure A-10).

- Criteria for the reduced static sta-

BALIC LT
MM CG 0 B
1
|
|

bility concepts have been developed.1

s Minimum criteria for pitch, roll, and

yaw control power, duty cycle, and re-
sponse time for CCV have been investi-
gated, and these concepts are currently

being used by Convair for longitudinal

S "8 control of the USAF YF-16. The use of
Figure A-10 Cruise Drag Reduction Through CCV
CCV in the design cf the LWA will

potentially result in performance enhancement.

A,.1.2.2 Maneuver load Control

Attention has recently been focused on use of inboard trailing edge or tip
controls to change the wing spanwise loading in order to reduce wing bending moment
and/or optimize the drag polar. As a typical example, in a study of maneuver load

control (MLC) using wing tip control, the spanwise bending moment is shown in

4
Figure A -11 for an aspect ratio 6.7 wing ‘\\ PTITIIS, n
at a design load condition. Use of MLC qﬂ \
P e
reduces tne spanwise moments, as shown, for (ﬂ%%g'nlfé) -
CONTROL 7
the same design condition. These smaller .

0 0.5 1.0 14
root bending moments can result in lighter

NORMALIZED SPAN LOCATION
structure and higher Performance aircraft. Figure A-11 Maneuver Load Control Can Reduce W9|ght
The use of MLC can permit use of a higher-than normal aspect ratio wing to obtain

the associated increased range performance, while at the same time allowing the

Iucontrol Power Criteria and Requirements for Control Configured Vehicles,'" Convair
Report ERR-FW-1265, 31 December 1971,
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wing to react structurally during maneuver as a low aspec.: ratio wing. Thus, the
usuul high aspect ratio wing structural weight penalty is avoided.
A.1.2.3 Direct Sideforce Control

Much attention has been devoted recently to the use of direct sideforce con-

trol (DSFC) for improving flight path control. Such control is seen as a signifi-

cant improvement in the pilot's ability 1.0 l
©® GROUND RANGE 12,800 FT

to perform such tasks as air-to-ground o % N

Bl o o - b
weapon delivery, inflight refueling, and P|§
short field landing. The type of improve- o3 500 ) T500

L TARGET LATERAL OFFSET = (ft)

ment possible for a particular tracking Figure A-12 Direct Sideforce Control Can Potentially

1 Improve Aircraft Effectiveness
task is shown in Figure A-12, Use of

DSFC in connunction with CCV may result in an even greater improvement.
Current programs for development of DSFC have resulted in several approaches.
1. Chin Fin - Sideforce is obtained from a forward located surface which is

used in conjunction with the rudder. Both surfaces yield a sideforce.

The roll and yaw moments are :
ili-‘ Fibd E5 / .- /‘,
minimized by proper location of ﬁ - - ﬁ _.,--: —)
th £ db tio- | ° e e,
e surface and by proper ratio __‘_....-f""' __.--""i:““_' Zn
LLIBFALE
ing of the surface deflection , ¥ ';
; =5 -
with the rudder, - "PDR:G///,‘::—_____

2. Wing tip drag device - A variable N —————
geometry drag device is mounted on each wing tip and used in conjunction
with the rudder. Through asymmetric actuation, the drag at one wing tip
rroduces a yawing moment which is balanced by a rudder deflection. The
sideforce generated is that from the rudder. This method normally has
high drag.

3. Wing-mounted sideforce surface - This device, when deflected, yields a

sideforce directly. The yaw and roll moments caused by this deflection

are minimized by use of ailerons and rudder.

1 An Investigation of Direct Sideforce Control on Improving Maneuver Capability of
Attack Aircraft, The Boeing Company Report D180-"4004-1, October 1971,
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Cornel!l Aeronautical Laboratories (CAL) has implemented the second approach
in a T-33 and demonstrated validity of the concept., Pilots adapted readily to the
new technique. The CAL system was pointed toward weapon delivery. The chin-fin

conc2pt was investigated recently by Boeing.1

A.1.2.,4 (Gust Alleviation and Active Flutter Suppression

Configurations designed to obtain high aerodynamic efficiency in conjunction
with low structural weight can result in surface flutter. Reduction of flutter by
redistribution of mass properties, increased stiffness, or modified aerodynamic
configuration can result in performance penalties. Flutter suppression by means
of automatic flight control systems may be less demanding in terms of weight, power
requirements, and drag penalties.

Current development has lead to the flight evaluation of the load alleviation
mode stabilization (J.AMS) on the B-52. The use of LAMS will result in longer
fatigue life (i.e., extended service life for present aircraft) or higher load
levels for the same fatigue life and better ride control for crew comfort. The
NASA is also pursuing techniques which lead to incorporation of active flutter
suppression as an integral part of the configuration design.

In a recent Convair study on advanced transport technology, significant weight
reduction was shown through (1) use of controls which condition maneuver loads and

(2) provision of the required stiffness through use of composite materials., It

acin) et gy sty faviNGs was found that potential net weight saviags
=y from use of active control flutter suppres-
1600 -

f 100 E sion can be as much as 1800 pounds for

E w|g

£ s = this type of aircraft (Figure A-13).

& ol 2

i o

g . a Use of anactive ride control

R » e

¥ b 21 Convair Advanced |} gy g tem for the LWA can be an asset in
R a1 | Transport Technology

B S I

i . that it can reduce pilot fatigue and pro-

Figure A-13 Active Flutter Suppression Can Save Weight
vide a smoother platform for low-level

L Ibid.
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attack where turbulence is a significant parameter. Use of control for maneuver

and gust load alleviation can also result in a tangible weight saving forthe LWA.

A.1.2.5 Fly-By-Wire/Muliiplexing

The concept of fly-by-wire (FBW) consists of transmitting pilot inputs en-
tirely electrically to the control surfaces rather than with a completely mechani-
cal flight control system. Evolution of FBW to aircraft application has taken many
years, and the Convair YF-16 will be the first aircraft with a pure FBW system. The
principal advantage in the use of FBW lies in the area of weight saving, increased
reliability, maintainability, and survivability. For the LWA, the latter three ele-
ments are predominant.

A method of further increasing the efficiency of an FBW flight control system
is multiplexing. Multiplexing reduces the total wire count required for FBW by

transmitting all flight control signals for each redundant branch on one pair of .

wires.
Convair recently completed a contract ®TYPICAL LARGE AIRCRAFT

BASELINE
for FDL to prove the applicability of (CF?\,'}')F'GUM"ON
multiplexing to FBW by designing and CONFIGURATION ‘

1

fabricating an operational breadboard.l s&’,‘,ﬁgfmm
The investigation also showed benefits C°NF"§URAT'°N

{SELECTIVE
from multiplexing in weight decrement, in- MULTIPLEXING)

0 0.5 1.0

creased reliability, and ease of main- ) s il

Figure A-14 Muitiplexing can Reduce Flight Control
tenance (Figure A-14), System Weight

Convair and FDL have developed
airworthy hardware to demonstrate in actual flight the digital multiplexing concept
developed in the initial study. The design, fabrication and testing of this hard-
ware is complete, and the equipment has been tested on the NC131H Total Inflight

Simulator (TIFS) aircraft. The weight saving potential of multiplexing applied to

l"Research into Definition and Demonstation of an Optimum Solid State Switching and
Multiplexing System For Use On A Fly-By-Wire Flight Control System,' AFFDL TR-70-80,
June 1970.

46



the LWA is probably small. However, there are potential advantages in the areas of

easier maintenance, increased survivability, and increased reliability.

A.1.3 PROPULSION TECHNOLOGY ASSESSMENT

A.1.3.1 Conventional Gas Generator Cycles

The Airframe/Propulsion System Integration (APSI) and the Advanced Technology

Gas Generator (ATEGG) programs sponsored by the Air Force Flight Dynamics Laboratory

(AFFDL) and Air Force Aero-Propulsion Laboratory (AFAPL) are continually improving

gas generator technology, including the technology to integrate the airframe and

propulsion system into a compatible unit.

o™ 4 The possible application to the LWA of
e/ r"IL i -_-‘-i—lq.._‘_
[N T jet flaps which require high pressure, rel-
@ | ESHES - :
.rf;fj' it atively cool gas suggests somewhat uncon-
DEFINITIONS. — i

ventional cycle arrangements. The two
BPRy W, sraf

cycle arrangements depicted in Figure A-15

Wy COIRPRL S 0
BPRy ©

B COWIMT O

supply air for jet flap applications and

i
HTERMEDIE TE

TE Wik DUCT
O PR Y O F

also partially decouple the jet flap re-

BLATER

i e
(b) |E£’ [“ﬁ, = quirements from the basic mission require-

|=dl o

.j { il ments as far as cycle selection is concerned.
A
' Good cycle performance from such ar-

Figure A-15 Possible Cycle Arrangements for Powered Lift
Concepts rangements requires high turbine inlet

temperature and high overall compressor pressure ratio., Predicted trends for these
parameters are shown in Figures A-16 and A-17. The ATEGG program appears to be prc-

viding adequate technology to assure excellent engine performance for the LWA.
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A.1.3.2 Supercharged Gas Generator Cycles

The best currently available engirne for subsonic cruise operation is the high-
bypass ratio, high-compression ratio, unaugmented turbofan. However, for airplanes
that must also perform supersonic cruise, make short takeoffs, and provide high
levels of specific excess power at selected flight conditions, the engine cycle must
be severely compromised. Bypass ratio and compression ratio musg be reduced and
augmentation by duct heating or afterburning must be incorporated in order to

achieve the best propulsion system consistent with mission requirements.

A variable-cycle engine, or a propul-

sion system with variable-cycle character-

e istics, would nermit operation during the
S0 TREICHT SN LT i —— SOOI CHLS MO

WL ORIC o

il various flight phases with less compromise

to performance and might result in further

reduction in airplane size. The supercharged

turbofan (STF) powerplant shown in Figure

e B

/ SUPERCHARGER ENGINE

A-18 can be operated to produce performance
Figure A-18 Supercharged Turbofan (STF) Engine
Concept similar to a variable-cycle engine without
requiring the large variations in internal engine geometry normally associated with
variable-cycle engine approaches.

During subsonic cruise, the supercharged engine is turned off and isolated;
and the high-bypass ratio, high-compression ratio supercharger engine is operated
alone to provide near optimum subsonic cruise engine performance. At other times
during the mission when high thrust is needed to perform the task at hand, both
engines are operated. In this mode, the fan stream exhaust nozzle of the super-
charger engine is completely closed and all of its ran discharge air is fed to the
inlet of the supercharged engine where it is further compressed (and partially
heated) before being exhausted to produce increased thrust.

By selecting the mode of operation compatible with the part of the mission

currently being accomplished, near optimum engine and airplane performance can be

achieved with the STF power plant during each part of the mission. Constraints on
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physical arrangement and consideration of propulsion system weight may reduce the
advantage that appears to result from consideration of the STF.

The discussion of the STF presented above concerns thrust/drag matching for
conventional flight. The supercharged air available from the STF may be advanta-
geously used for other purposes, These include blowing flaps for lift control,
vectoring for high- and low-speed maneuvers, and pitch and roll control during low
speed flight,

A.1.3.3 Propulsion Flight Control Force Management System

In order to attain near optimum performance and overall airframe/engine com-

patibility, an integrated engine/inlet/aircraft flight control system may be de-

sirable. There is a current effort within the AFAPL to develop the design require-
ments for such a control system,

A.1.3.4 Cold Thrust Augmentation

The cold thrust augmentation (CTA) concept is of interest as a method to in-
crease propulsive capacity of a given engine under some flight conditions. The
CTA technique makes use of engine exhaust and/or bleed air as the primary flow for
a series of high-efficiency ejector systems in wings, flaps, canards, etc. The
primary flow from the engine source entrains external (cold) flow with the result-
ing thrust being significantly greater than that of the primary flow alone,
Augmentation ratios of approximately 2,0 are theoretically attainable.

The CTA concept has been highly de-

EN'IIMNH]\‘ veloped in recent work of the USAF Aero-

P e MIXED
PNMAW("<::::>'_“‘ Flow space Research Laboratory (ARL). 7The bulk
FLOW ~~
: i of the ARL work has been directed
Cold Thrust Augmentation Concept toward ejector wings applied to V/STOL
alrcraft. The type of CTA application
2
M . Fy which appears best suited for the LWA is
qn\. — an ejector flap.
. P

EJECTOR WING

The ejector flap is desirable, be-

EJECTOR FLAP

CTA Applications cause the ejector wing loses its
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effectiveness rapidly with an appreciable

9 forward velocity (Figure A-19).1 Used in
o
ﬁ 40 conjunction with powered 1lift concept, CTA
O
Z can result in benefits to the LWA in the
(24
g a0 form of (1) increased time on target with-
W,
g out aircraft attitude changes, (2) improved
0 b low-speed maneuverability for targe:t access
0 50 100 150 d d § ’
. Vo - MPH (3) improved evasive capability by virtue
Figure A-19 USAF ARL Coid Thrust Augmentation
Transition Corridor of large speed variations, and (4) improved

dispersal provided by increased STOL capa-

bilities.

The possibility of obtaining an effi-
cient CTA ejector flap is problematical.

The relatively thick supercritical airfoil

sections which can provide additional area

DEPLOYED POSITION
Thick S/C Airfoil could be Advantageous for ducting and mechanisms while maintain-

ing good cruise characteristics might offer some advantages in this regard.

A.1l.4 STRUCTURES TECHNOLOGY ASSESSMENT

The revolutionary approaches of current structural design concepts, with ad-
vanced composites in particular, amplify the importance of advanced structures
to the LWA. It is important to note that the LWA structures investigations are
complemen.ed by other advanced technology investigations.2 Figure A-20 contains a
listing of the advanced structures technology items which are of primary interest,

A.l1.4.1 Advanced Composites Techno}ogy

Filamentary materials--primarily graphite and boron fibers impregnated with

epuxy, polyimide, or aluminum--have been established as having great potential for

Luysar Aerospace Research Laboratory Presentation on Cold Thrust Augmentation,"
Unnumbered Charts, 13 April 1972,

2"Cor.*eptual Design of Advanced Composite Airframe and Propulsion System,' USAFML
Cont s act F33615-72-C-424,
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increasing the structural performance of
® COMPOSITES TECHNOLOGY

o Application to Airframes aircraft. To date approximately 100 pro-
® System and Subsystems
Jite Tl grams have been initiated for aircraft
® Design Criteria

® CONFIGURABLE AERODYNAMIC SURFACES structure, propulsion, missile, and space

®VULNERABILITY system components. These programs, con-

o Metal Structures
SCeapedielctmEiss ducted on a composite substitution for

® STRUCTURAL TRANSPARENCIES
metal basis, have reflected weight savings
® AR CUSHION LANDING GEAR
from 5 to 54 percent. An example of the

® STRUCTURAL/FLIGHT CONTROL INTEGRAION

® Load Alleviation structural complexity reached with compo-

o Flutter Suppression

® Reduced Static Margins .
sites is the F-5 composite fuselage cur-

® MAINTAINABILITY

rently being completed at Convair. Exten-

Figure A-20 LWA Structural Technology Items

- -

sive information into the detailed designs

of major aircraft components has been
gained in this program,

Increased payoffs are possible by
considering composites at the initiation
of the design studies when the higher
structural efficiencies could be reinvested
in increased performance, range, payload,

or operating economy. Examination of

Figure A-21 Convair's F-5 Composites Fuselage, An

Example of the Structural Complexity " "
Reached with Composites certain configuration 'shape’ parameters

(range, maneuverability, speed, etc.) readily shows that performance is enhanced

when the greater composite material structural efficiency is, at least partially,
used to enhance the aerodynamic efficiency. For example, composites used to in-
crease the wing aspect ratio instead of only reducing gross weight can produce the
effect on range shown in Figure A-22, For a particular aircraft configuration, the
direct substitution of composites for aluminum yields a 5 percent increase in range
while the optimum composite wing aspect ratio increases the range 20 percent over

that of the metal wing.
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IYPICAL FIGHTER WING Ultimately, the extent to which com-

& posites are used for the LWA will be based

ﬂﬁ}

on the overall cost and performance which

0% q q
3% include a consideration of the synergistic
c
o
of
effects discussed above. An example of
\
AL the total impact (cost, weight, etc.) of
/. L“"-'NLM
- composites on an advanced technology
transport airplane is shown in Figure A-23.
¥ling AR A.l.4.1.1 Composites Design Criteria
Figure A-22 Advanced Composites Impact Both
Periormance and Configuration Development. Advanced composites exhibit
T comroire |— Significant differences in material per-
ESSY LIGHT ALLOY
UNIT MANUFACTURING COST )|
= IR =S #¢*l formance when compared to metals. Basic
QPERATING WEIGHT 1 130,375 L8 B
BRRMNNMNININN N o5 e | laminates without stress concentrates
STRUCTURAL WEIGHT ] 65.820 LB 25.6%
N L] 88,910 L8 (holes, notches, etc.) show little degra-
ENGINE SCALE .5 A%
S5 dation due to fatigue and retain high
WING AREA \Q\'{"ﬁ”z . -12.5%
N 2275 FT
B — residual strengths. Laminates containing

Figure A-23 Benefits of Advanced Composite Airframe ¢ ress concentrations exhibit a signifi-
on M .90-Cruise Advanced Transport

cant loss in static strengtn but retain the excellent fatigue behavior of the basic
laminate. In addition, many structural laminates exhibit linear stress-strain be-
havior to failure as opposed to the nonlinear response observed in metals. Consid-
eration of factors such as these suggests that the traditional design criteria used
in metals may not be suitable for efficient and reliable design in composites.
Convair is actively pursuing a criteria approach in which reliability is the
design goal. It is believed that structural reliability cannot be guaranteed simply
in terms of design allowables for the basic material and conventional design factors
for safety. A more dqﬁirableapproach is to determine design safety factors a: a
function of design couplexity (basic laminates, number of joints, etc.), the in-

tended usage of the structure, and the number of structures to be built,
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A.1.4.1.2 Composites Application. The use of composites in aircraft in-

fluences design, fabrication, and cost. A detailed discussion of the application
of advanced composite materials to fighter aircraft structure is contained in
Appendix C.

The use of composites in aircraft systems and subsystems that are rot con-
sidered part of the airframe structure or propulsion systems is also potentially
beneficial. Most approaches to utilizing composites in systems and subsystems
are oriented toward weight savings. An example of potential composite usage

in hydraulic systems is shown in Figure A-24.

% OF COMPONENT DESIGN BENEFIT | EST. SAVING In some cases, the nature of com-
TYPICAL WITH COMPOSITE]  NATURE OF COMPOSITES EXPECTED IN IN COMPOSITE
COMPONENTS APPLICATION APPLICATION ADDITION TO COMPONENT
| | poreunac | | WEIGHT SAVINGS | WEIGHT % posites manufacuturing can simplify
PUMPS 2 RODS, (CONTINUOUSY CASE V(]
(MOLDED + WRAPS)
e 56 HOUSING IMORDED » subsystem installation. For example,
WRAPS)
CCUMULATORS 15 MOLDED + WRAPS, METAL 2
-t REINFORCE D uncured composite tubing could be
RIGID TUBING 15 TAPE WRAPPED GRAPHITE- | LOW THERMAL 50
EPOXY EXPANS ION (FEWER
SELLOWa RS> routed through the aircraft structure
REGILATORS 50 MOLDED CASE, SHEET B[l[m: HClGH [ a :
DIAGRAM TOLERANCE
ACTUATORS 1 MOLDED + TAPE WRAPS 3 and subsequently cured in place by
Figure A-24 Advantages of Advanced Composites pumping hot gas through the tubing,

Applied to Hydraulic Systems
thereby eliminating many fittings and

tube bending operations. Another example is that composites can eliminate the
necessity for expansion joints in environmental control systems because of their
low thermal expansion coefficients.

A.1.4.2 Configurable Aerodynamic Surfaces

The effective use of composites in structures usually results in a struc-
ture with vastly different stiffnesses in the orthogonal directions, at any
particular point in that structure. This effect significantly contributes to
the high structural efficiency obtainable with composites but also suggests
a means of increasing the aerodynamic performance by contronlling the surface

contour. Two types of control surfaces are shown in Figure A-25.
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Figure A-25 Flexible Control Surfaces Incorporating
Continuous Actuators
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Figure A-26 Flexible Structures Applied to
Aerodynamic Surfaces

Studies are continuing to establish
the design limits of flexible structures,
Depending on the total aerodynamic and
system effectiveness, the principle can
be extended to large percentages of wing
and stabilizer surfaces and to the air-
flow control functions of such systems as
the environmental control and engine inlet
systems., Figure A-26 is an illustration
of possible areas for application of

flexible structures.

A.1.4.3 Vulnerability

Reduction in aircraft vulnerability
to combat damage and the increased relia-
bility requirements of advanced aircraft
has generated interest in fail-safe struc-
tures. Metal and advanced composite dam-
age tolerant structures are currently being
studied.

Advances in metal design are princi-
pally related to (1) structures designed

for fracture control using fracture

mechanics during the design process and

(2) the development of metals with better fracture characteristics. Recent experi-
ence and advanced studies have led to the formulation of new design concepts (Figure
A=27).

One of the potentially beneficial features of composite materials is the broad
range of performance characteristics that can be realized with proper laminate de-
sign. A technique of fabricating a laminate with crack-arresting capability is

demonstrated by the model shown in Figure A-28. A crack will arrest as it enters
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the low modulus strips providing the stress in the strips is sufficiently below the
critical stress required for propagation in the buffer material. The feasibility
of the arrestment concept has been demonstrated in static tests of tensile specimens.

A.l.4.4 Structural Transparencies

In viewing perforated composite panels fabricated for acoustic treatment
studies, it was noticed that there was little image distortion of objects viewed
through the panel. This gave rise to an idea of using perforated panels sealed with
a transparent film as a structural transparency.

The use of transparencies with high structural efficiency could decrease the
weight of typical transparencies such as canopies and improve the maintainability

of aircraft systems by permitting visual inspection of avionic components, accessory

drive system oil levels, and environmental

control equipment (Figure A-29)., Access
panels would receive less use and in some

cases could be eliminated.

S +OIL LEVEL (SIGHT GAGES) For a particular composite panel where
* CSD Oil
%, EQUIPMENT s Eng. Oil
- * Graryhow the hole diameter is equal to the panel
N LANDING VIEW
\ WINDOW ] ®FUEL FILTER BY-PASS
RADOMES o Indicator
thickness, the panel weight increase with
(GRS AR ® FIRE EXTINGUISHING BOTILE : p 3 g
« Gage

; increasing load is sh in Figure A-30.
Figure A-29 Transparent Structure Potential Uses <L e WO Pl
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The structural efficiency of a panel with holes is compared to that of a panel with

no holes in Figure A-31. When compared to a typical fighter acrylic canopy designed
by stiffness requirements or a glass canopy designed for strength, weight savings in
excess of 60 percent appear possible. Another possible advantage is increased impact

resistance. 100
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Figure A-30 Transparent Structure Load Capacity and LOAD/INCH (KIPS/IN.)
Weight Figure A-31 Transparent Structure Efficiency

A.1.4.5 Air Cushion Landing System

An air cushion landing system (ACLS) replaces the aircraft wheel gear with an
~nnular jet air cushion. The objective in considering the ACLS for LWA - _.craft is
to improve takeoff and landing performance. Potential takeoff and landing advan-
tages are associated with crosswind capability, low footprint pressure, fast re-
traction, high energy absorption and damping, and improved braking. Any potential
weight savings with this system are related directly to reduced gear weight and
indirectly to aircraft structure weight. Weight penalties occur in ducting and
power plant modification to provide the airflow.

Previous studies have validated the ACLS concept for use on subsonic aircraft,
and studies are continuing to Investigate its application to high performance air-

1,2

craft. To provide a preliminary assessment of an ACLS for the LWA, a system

lEarl, T. Desmond, "Air Cushion Landing Gear Feasibility Study,'" AFFDL-TR-67-32,
May 1967.

2Diggs, K. H., and Perez, D. J., "Air Cushion Landing System for STOL Aircraft,"
V/STOL Technical and Planning Conference, Las Vegas, 25 September 1969.
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similar to the one shown in Figure A-32

““*"bxkﬁﬂﬂﬁfﬁf. has been investigated. In this concept a

ST ROSMIG Y rigid panel is integrated with the curtain
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Figure A-32 Air Flotation System with Brush
Braking and Steering to be evaluated, but since remarkable wear

characteristics have been found between graphite-epoxy and unlubricated steel, ad-
vanced composites may have potential advantages over rubber pads in this area.l

The preliminary assessment of this ACLS indicates that power requirements are ac-
ceptable, a reasonable combination of cushion parameters is available to permit sink
rates near 15 ft/sec without imposing unduly high structural loads, and lighter
fuselage and gear weights are possible.

A 1.5 ARMAMENT/AVIONICS

The accurate delivery of weapons in the presence of the severe threat environ-
ment forecasted for future tactical targets imposes demands on aircraft performance
and requirements for advanced weapons and avionics that can significantly impact
aircraft configurations. The advanced and emerging weapons and avionics concepts

which were considered in the LWA configuration development are discussed
below.

A.1.5.1 Advanced Weapon Technology

Target characteristics together with weapon delivery accuracies set the re-
quirement for ordnance type and size and weapon guidance and control. The advan-

tage of improved accuracy and available technology have led to the accelerated

1Berg, C. A., Bartra, S., and Tirosh, J., "Wear and Friction of Two Different Types

of Graphite Fiber Reinforced Composite Materials," Dept. of Mech. Engr., Univ. of
Mech. Engr., M.I1.T., Faculty of Mech. Engr., The Technion (Israel Institute of
Technology Haifn, Israel, 1971,
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development and/or consideration of guided powered and glide weapons employing

radar, electro-optical (EO), and radiometric guidance and homing concepts. The suc-

cess to date and improvements envisioned lead to the conclusion that the guided

weapons will be heavily employed in future tactical wars.

The use of free fall weapons will likely be limited to relatively permissive

threat environments and area targets,

Accuracy in the delivery and, therefore, the

utility of free fall bombs can be expected to be improved with improvements in navi-

gation, target acquisition, and aircraft maneuverability.
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INSTALLATION

Bamd Flatiorm

Figure A-34 Clip On/in Weapon Rack can Provide
Mission Flexibility

Aircruft compatibility and operational
factors (such as logistics and ordnance
selection flexibility to match the mission)
will have a significant impact on the de-
sign of future weapons. The desire to over-
come aircraft performance limitations
imposed by pylon-mounting weapons (Figure
A -33) has resulted in a search for alter-
natives. The 'clip in/on" weapon rack
concept, depicted in Figure A-34 affords
not only improved aircraft performance
possibilities but is readily adaptable to
missionizing payloads and facilitates
simple and safe loading operations. Pre-
loading of the racks will provide for
rapid aircraft turnaround. All degrees
of aircraft submergence are possible from
external fuselage mounting through par-
tially submerged/conformal to completely

internal arrangements.

Weapons packaging efficiency becomes critical with internal stores configura-

tion, and the conversion to bluff-shaped weapons (Figure A -35) offers not only good
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e ADAPTABLE TO INVENTORY WEAPONS

FOR EXTERNAL CARRIAGE

A
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FOR INTERNAL CARRIAGE

Figure A-35 Bomb Maodification for Internal
Loading Efficiency
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Figure A-36 Typical LWA Weapon Candidates
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Figure A-37 Modular Weapons Study Matrix
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Figure A-38 Modular Weapons Guidance Concepts

packaging efficiency but has resulted in
improved weapon separation characteristics.
Munition thermal limits have been a major
factor in limiting aircraft flight envel-
opes with external stores. Future muni-
tions having thermal limits consistent
with aluminum aircraft thermal limitations
are planned.

Representative weapons that are ex-
pected to be retained in inventory or ex-
pected to be developed for use in the
1980-1985 time period are identified in
Figure A-36, An advanced tactical rocket
particularly suited to the close air sup-
port mission is under development with an
I0OC in the early 1980s possible, he
objective of the advanced concept is to
provide a low cost weapon with interchange-
able ballistic and laser-gulded warheads
(fragmentation, target marking, penetra-
ting, anti-material flechette).

A summary of the modular weapon con-
cepts currently under consideration is

presented in Figure A-37. Basically, the

.concepts involve the interchangeable wea-

pon sensors, guidance and control, propul-
sion, warheads and fuses to accommodate

mission requirements. The weapon guidance
concepts under study are listed in Figure

A-38. The potential weapon combinations
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and the aircraft avionic accommodations to handle all possible combinations are

numerous.

A,1,5.2 Advanced Tactical Avionics Technology

sdodebls w £

A.1.5.2.1 Weapon Delivery Equip ® TERRAIN FOLLOWING TERRAIN AVOIDANCE (TFTA) RADAR
® ATTACK RADAR (AR)

ment. Equipment items in use or proposed ® LOW LIGHT LEVEL TV (LLLTV)

® INFRARED/IMAGING [NFRARED (IR/IIR)

® LASER TARGET DESIGNATOR/RANGER (LTDR)
to support adverse weather and night de- ® RADAR HOMING AND WARNING (RHAW)
® COMMAND/UPDATE WEAPON DATA LINK

3 : ® C3 SECURITY
livery of advanced tactical weapons in a ® ELECTRONIC COUNTERMEASURES (ECM)

severe threat environment are identified in Figure A-39 Weapon Delivery Avionic Equipment

Figure A-39. The size, weight, power and Candidates

costs of this equipment depend heavily on the functional sophistication demanded
by the mission to be performed.

The TFTA radar feature facilitates adverse weather and night low-level threat
penetration and weapon delivery. The attack radar provides for adverse weather
and night target acquisition and weapon delivery. Radar system improvements cur-
rently being implemented or proposed include Kz and dual frequency operation,
shortened radar pulse operation, moving target identification and a 2.5 nautical
mile diameter display.

Current attack radars offer weather penetration capabilities superior to EO
sensors but lack the close-in target resolution afforded by EO sensors. Radar
employed in conjunction with EO sensors affords both early target recognition and
final target resolution.

The EO-aided delivery of weapons involves consideration of LLLTV, IR, Imaging
IR (IIR) and LTDR provisions. The simplest concepts, in terms of aircraft re-
quirements, involve the use of laser-guided bombs employed in conjunction with
ground designation or other-aircraft laser designation of targets. Aircraft
detection and tracking of the laser designated target may involve the use of an
onboard laser spot seeker to provide angle and angle rate data emploved in
the delivery of both guided and unguided weapons. More sophisticated concepts

involve the use of aircraft IIR with target acquisition and aiming brovisions
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operated in association with either radar or laser ranging equipment. The addi-

tion of an onboard laser target designation and ranging capability adds another
level of complexity.

The LLLTV dependence on ambient lighting and limitations in adverse weather
make it an unlikely candidate for advanced aircraft employing IIR. TV reception
capability to accommodate TV-guided bomb delivery may be desirable. EO sensor
pointing and stabilization requirements and, therefore, equipment complexity are

intimately related to attack tactics and weapons employed.

Limited adverse weather/night operations, target area navigation nets (e.g.,
TOA/DME, Loran), FAC beacon/target laser designation support, and self contained
weapon guidance capabilities all can relieve LWA radar/EO equipment requirements.
Also, the use of weapon-seeker-coordinated EO equipment mounted on weapon 'clip

in/on'" racks can provide greater LWA mission flexibility.

All aspect radar warning with threat identification features and possibly an
accurate location/homing capability is desirable to counter the air-to-air and SAM
- threats. Avionics to provide guided weapon commands and data to update target
acquisition infcrmation must be considered. The protection of these data links as

well as communication links against enemy countermeasures will be required.

A.1.5.2.2 Advanced Controls and Displays. Review of the potential weapon

delivery-related controls and displays (Figure A-40) and consideration of addi-

STEAD UPMEAD BORM PILOT DISPLAY tional requirements assoclated with air-

Heading/Altitude/Airspeed/Attitude/Terrain/Threat/ 3
DMEITOA/Course CorrectionMeapon Release Signal craft management, C2, and test and emer-
SAIMHG COMNCIREFLAY gency provisions raise serious questions

HMS /HMD/Optical Sight/Radar-Cursor/IR Detected Laser Designated
Target Location/I IR-Cross Hair/Laser Target Designation/Ranging
concerning crew size in the performance of
o WEAPONS MANAGEMENT/FIRE CONTROL

Weapon TypeMeapon LocationMWeapon Thermal Control/Weapon
Target Datallaunch/Command-Update/Taryet Designation advanced tactical missions. Single-pilot
#COUNTERMEAS URES operation can be facilitated through (1)

RHAW/Jammer

Figure A-40 Weapon Delivery Control and Display helmet-mounted sights and displays; (2)

Possibilities
mission constraints in terms of number
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of weapon types, target types, and tactics to be employed in a single sortie; and
(3) multimode controls and displays which can be preset for compatibility with a

missionized payload.

Key considerations in the design of controls and displays are real-world
visual correlation; rapid recognition; and minimum space, weight, power and cost.
Advanced concepts employing digital readout, safe operating range indicators, go-
no go test indicators, emergency indicators, and flight/target/threat situation
displays must be considered. The use of common controls and displays for multiple
mode operation affords considerable economy in space/weight/cost. Developments in
multimode matrix electronic display instruments (MEDIA) employing light emitting
diode materials and components should provide highly reliable, survivable and rel-

atively inexpensive flexible format displays for use on advanced aircraft,

A,1.5.2.3 Additional Avionic Equip-
oMISSION comwuulcom;mm © COMPUTERS
COMMUNICATION (C*) « Controllers/Processors o Slankers

ment. Additional avionic equipment pos- ST, <l » Muitiplexers * Data

o Intercom * Secure Data Link Converters
sibilities which are largely self-evident «NAVIGATION AND LANDING AIDS © ANTENNAS/ APERTURES

* Magnetic Relerence o TOA/DME . Mls_sioq X4 -
and/or related to previously discussed R e G o sk

o Beacon Receiver o TACAN ® EO Sensors o

o Laser Target Designator/Ranger

equipment are summarized in Figure A-41.

Ebis EPetaby Tolated to Eakise # anii Figure A-41 General Avionic Equipment Candidates

mounting/pointing and provisions for EO sensor sighting/aiming and possibly laser
firing are expected to be most important in .the LWA configuration refinement.
Location of the electro-optical platform and whether tlie instaliation is a fixed
external pod installation or a retractable pod installation will depend upon many
factors including sensor numbers and complexity, internal .pace constraints, and

aircraft performance considerations.
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A.2 OPERATIONS ASSESSMENT

A.2.1 REQUIREMENTS IN THE 1980s

The environment in which tactical aircraft must operate, their mission objec-
tives, and the resulting force compositions must be considered in the design
synthesis of new tactical aircraft. Changes in potential conflict environments
can be expected to present more stringent demands and add new roles for a new CAS

strike system. Convair's approach to establishing system requirements and evalu-

ating configuration concepts (Figure A- POST 1980 ENVIRONMENT |' O —— _=
PR J
42) fully embraces the LWA philosophy -g‘qﬁolmcal I
*Military REPRESENTATIVE
sfgrce Balance MISS IONS EVALUATIONS
of selective incorporation of new tech- sThreat Trends
*Requirements o Effectiveness
eTargets Mission Accomplishment)
nology that is especially adaptable to .L o Deknses o Survivability
SCENARIOS oEnvironments
eTactics
the post-1980 CAS/strike role. eEuropeMid-East x
Y TARGET TS DEFICIENCIES AND NEW
+ TARGET TYPES AND
A.2.1.1 Scenarios GUANTITIES CASISTRIKE REQUIREMENTS
+ DEFENSE SYSTEMS
eTechnology Developments *Reaction Time
Battle scenarios have been developed el A oNightMeather
ePayload-Ordnance Mix
TAC FORCE STRUCTURE Survivability
to characterize the specific missions and PROJECTIONS e Speed/Range/Maneuverability

objectives assigned to the tactical air  Figure A-42 Approach to Operations Assessment for LWA

[ EUROPEAN

strike force. A conventional full-scale

conflict is represented by the European / o
NATO/PACT scenario and an intermediate 1, T

EAST GERMANY

level conflict by the Middle East Arab/ INTRAL ,.,:,:K

J-/"

Israeli scenario, In Central Europe the

'Y’\, e e |
enemy will have a high degree of mobility A

URITED ARAR Bihia

WEET GERMANY
- REPUNLIC
along a 100 n.mi, FEBA. The Middle East !}D\ S~ N

scenario is more geographically compact Figure A-43 Scenarios for LWA Analysis

with about one-third the target density of Europe, thus can be defended by air-
craft with a shorter combat radius. Available bases vary from 50 to approximately
300 in Europe, dropping to about 5 in Israel or 46 if Cyprus and Crete are allowed
(Figure A-44),

The impact of weather on strike aircraft design is exemplified in the Euro-

pean scenario where, during winter, the operational limit is a 3000 foot ceiling/
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3 mile visibility for 60 percent of the 3‘”{ Y=

time (Figure A-45)., Strike aircraft uti- \ SR/ SN

lization can be significantly increased

CENTRAL

if operations can be made below a 3000 ...

foot ceiling or if an all-weather capa-

NUMBER OF RUNWAYS 2 R

100
bility is available.
T _ MiD EAsT
The nature of the ground target com- I \-\
0 L I i I 1 i 1 i ) =l ] L
plexes will rot be significantly different o 550 10.000 [5:000

RUNWAY LENGTH (R) - FT

in the post-1980 time frame from what they oo a-44 Runway Availability can Affect LWA

are today; target defense systems will SO WAmLApmeH

increase, be more sophisticated, and have ‘ T

90 ® EUROPEAN AREA - ALL HOURS
® NOVEMBER THRU FERRUARY

a higher degree of mobility. Target lists

VISIBILITY

have been prepared for both theaters R

g

£ w0
(Figure A-46). These targets will be de- Vgsor
fended with increased quantities of mobile gv of e :

g Y |
AAA and improved Redeye-type troop-carried £ ,| ,/

: ]
surface-to-air weapons as well as conven- = " == | L

/ 0 3(11) 500 1000 200 3000 5000 10,‘000 20,000

tional small arms fire. Most targets will CEILING (FEET)
be fleeting in nature and require rapid Figure A-45 Bad Weather Predominates

European Winters
response to requests for firepower syport,

A,2,1.2 Soviet Aircraft Trends ® CENTRAL EUROPE
Soviet tactical air is shifting from .

§ o = —
a defensive posture to a balanced force = r

£ J
posture (Figure A-47). The potential im- > [
pact of this shift on design considera- = |
tions for the LWA is twofold: (1) a per- 0 1 — M []

TROOPS VEHICLES TANKS ARTILLERY AAA OTHER

missive alr environment around FEBA can- Figure A-46 Target-Type Distribution

not be assured, and (2) basing must minimize vulnerability to an air base strike.

A.2.1.3 Projected TAC Force Structure

The design of a new tactical fighter must also evolve from a consideration
of the other systems it will complement. As noted in Figure A -48, the post-1980
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force structure will consist of F-4, A-7,
and F-111 aircraft with an average age of
13 years and specialized aircraft (i.e.,
the F-15 and A-9/10 aircraft used for air
superiority and close troop support mis-
sions, respectively). The requirements
set forth for the LWA design are derived
in the context of this total tactical
alr force, considering specific defi-

ciencies and needs for replacement,

A.2.2 TACTICS/EFFECTIVENESS/SURVIVABILITY

The tactics emphasized are those
which take maximum advantage of unique ot
superior performance capabilities af-
forded by advanced/emerging technologies.
The effectiveness standard by which the
performance of a given configuration is
evaluated is the expected degree of
accomplishment (the likelihood that the
target is destroyed) for each of the
missions in the representative set.

Enhancement of survivability, both
on the ground and in-flight, is a dominant
consideration in design (Figure A-49).
Ground survivability is closely allied
with reaction time. As seen in Figure
A-50, STOL forward-based aircraft have
the highest potential for intercepting

immediate targets. Systems based to the
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parametric operational requirements for
configuration synthesis. As noted previously, the deficiencies in post-1980 tactical
air strike capability, with particular emphasis on close air support, are the basis

for the representative missions.
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- A.2.3.1 Range
]
O e i As-1llustrated in Figure A-53, there
ik E 71 | | - : is a high concentration of targets near
OHWARD E I" | ----.\'IIDI.IJI LAST
J?:f-; f{ { f O the FEBA; 90 percent are within 150 n.mi.
i = - -
0 3 0 B A M @ 5w A pre-penetration distance of 150 n.mi.
Figure A-53 Mission Radius Considerations provides the choice of numerous fields

along the front in Europe. An examination of 15 countries of military interest
worldwide reveals that 97 percent of the time a 4,000-foot runway is available
within 150 n.mi. In Europe the 150 n.mi. pre-penetration distance also provides
for adequate laterrl mobility along the front to concentrate firepower, This in-
dicates that a 300 n.mi. combat radius is probably satisfactory.

The assumption that CONUS forces will have 30 days to deploy before an attack

implies a high level of activity in positioning forces. An unrefueled ferry range

of at least 1860 n.mi. is desirable to b&r, > o

cover the critical leg to Europe (Figure ‘y Q,“ﬁ; Kéggih.,;utj::iiiﬁﬂ;n
(107 il -
A' 54) : - |I.I.urli . /’/" L '. i .U-.J“ ¥ E L e
)/‘ s ;}\ »-—”‘ﬁ"‘.

A.2.3.2 Availability o W (A B |

In the intense, rapidly changing Figure A-54 Unrefueled Ferry Range Requirements
conditions envisioned, high surge rates will vastly improve system benefits. Surge
rates of 4 to 6 sorties per day are desirable. These rates imply a simple, rugged
system requiring about 10 maintenance man-hours per flying hour. Some 30,000
pounds of support per cday are required per airplane for this type of ac:ivity.

The ability to opcrate down to conditions of a 1,000 foot ceiling and 1 mile
of visibility allows operation in Europe 85 percent of the time. The use of sys-
tems external to the aircraft for vectoring may be sufficient to attain the needed
night/weather capability with nominal costs.

A.2.3.3 Responsiveness

Because of the highly fleeting nature of the postulated targets, a response

time of approximately 15 minutes is needed. Short field capability (<2500 ft. run-
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way) or air loiter (1 to 2 hours) is necessary so that a portion of the forces can
be rotated near the front and closely integrated with the ground combat units.
A.2.3.4 Lethality

With the introduction of improved delivery systems and smart bombs, payloads
of 4,000 to 6,000 pounds may be sufficient for mission objectives. With delivery
accuracies on the order of 50 foot CEP, there is a high probability (~90%) that a
single pass will kill the target. Highly accurate delivery of a single bomb, with-
out random gross errors must be achieved for delivery close to friendly troops.
In a low-threat environment, a gun wouild provide. high accuracy at the lowesu cost,
since a majority of the targets are vulnerable to gun fire.

A.2.3.5 Target Acquisition

To counter the enemy's option to move at night and under adverse weather con-
ditions, sensors (FLIR, EO, etc.) are needed to identify moving targets. The
ability to stay within 5000 feet of a target for a reattack during daylight is
desirable to keep the target under visual surveillance. A low-speed turn radius is
required to provide this capability ( ~2500 feet belcw 0.6M); such a provision also
provides the capability to make a first pass from visual detection of an offset

target.
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APPENDTIX B
IN-FLIGHT POWERED LIFT DESTIGN

TECHNOLOGY DEVELOPMENT

The in-flight powered 1ift family of advanced technology concepts is of
primary interest to the LWA concept because of its potential to provide STOL
capability as well as excellent low- and high-speed maneuver performance in a
single configuration, This family includes four concepts of interest to the LWA:
(1) vectored thrust, (2) jet flaps, (3) vectored thrust with supercirculation,
and (4) externally blown flaps. With the exception of vectored thrust, each of
these concepts involves a significant increase in circulation 1lift due to blowing,
i.e., supercirculation.

The potential aerodynamic performance of these concepts is summarized in
paragraph A.1.1.1. However, configurations employing these concepts must be de-
signed and evaluated in order to fully determine the real potential of these tech-
nologies. An initial assessment of powered lift concepts indicates a great deal
of theoretical and experimental 1ift and drag information related to takeoff and
landing. On the other hand, with the exception of simple vectored thrust, there
exists only a small amount of data concerning operation of these concepts at
flight speeds.

The data that are available on the supercirculation concepts at flight speeds
are mostly experimental and represent a wide variety of configurations and condi-
tions. The first step to remedy this situation has led to development of a method
for predicting the aerodynamic design parameters related to each concept through
correlation of existing theoretical and experimental information.l

The resulting method is not necessarily absolute in its results, and its

utility lies in (1) providing consistent performance predictions for configuration

1Mothersole, G. F., et al,, "Powered Lift Aerodynamic Studies for the Advanced
Technology Close Air Support Fighter,'" Convair Report MR-A-2099, 1 June 1972

{Confidential).
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comparisons and (2) accounting for performance -ariations as a function of impor-
tant configuration variables. In perspective, the method is intended for use in
determining the directions of further technology development. A discussion of the
general evaluations which have been performed and some indication of the relative
directions of each of the candidate powered-lift concepts is presented in subse-
quent paragraphs of this appendix. The configuration performance data presented
in this appendix are tail-off. Because of the unique trim problems associated
with each of the powered-lift concepts, innovative configuration designs are re-

quired to realize the indicated gains.
B.1 DESIGN OBJECTIVES

B.1.1 SHORT TAKEOFF AND LANDING

Takeoff and landing requirements for the LWA have not yet been specified.
One objective of the LWA operations analysis and configuration design efforts is
a parametric evaluation of the effect of different STOL requirements on the con-
figuration and its operational effectiveness. For discussion purposes, a require-

ment of 1500 feet fcr takeoff and landing over a 50-foot obstacle is assumed.

088 ] For modern day fighters, a 1500-foot

COMVENTIONAL FIGHTER=-TYPE
SORCANET s o SN o takeoff requires only a minimal high-1lift

2500
system, if any (Figure B-1). A 1500-foot

TAKE-OFF |

TANC
gﬁ:;ir 20 L landing is a different matter,
OBSTACLE
#n As described in Convair's STOL Tac-
1500 | tical Fighter Configuration Study, true

short field landings require reduction

000 L :
! 0.50 0.75 1.00 125 of the touchdown margin through the use
THRUST
weieHt of automatic throttle control and a no-
Figure Bx1 Modern-Day Tactical Fighters 1
Have STO Capability flare landing technique. In addition,

thrust reversal can provide a large reduction in ground roll (Figure B-2).

lstoL Tactical Fighter Configuration Study, AFFDL TR-72-127, February 1973,
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Figure B-5 Limit Sink Speed can Restrict
Approach Angle

For a specified landing distance over
a 50-foot obstacle, the allowed rollout
distance is proportional to the approach
angle (Figure B-3). Maximizing the approach
angle is important to the achievement of
short landings, but the higher sink speeds
associated with steep approaches compromise
the landing gear design (Figure B-4).

Since sink speed is also a function of
landing speed, a design objective then be-
comes to reduce approach speed which is,
of céurse, the purpose of powered lift for
STOL use (Figure B-5).

Conceptually, any of the in-flight
powered lift approaches will reduce land-
ing speed [vApproach'~ VStall'w'f(LMax,
TVert)]. The effect of vectored thrust
is to reduce the required wing lift; use
of the other concepts provides incremei.ts
to the maximum lift available as well as
a vectored thrust effect.

The objective then is to integrate
the candidate technologies and the total
configuration so that undue penalties are
not incurred in achieving STOL. Also,
there is a tradeoff between the degree of
STOL required and the configuration im-

pacts of thrust reverse, sink speed, and

powered lift.
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B.1.2 COMBAT MANEUVERS

One tenet of the LWA concept is to offset the configuration penalties asso-
ciated with STOL by using powered lift to improve combat maneuverability. Since
each of the powered-1lift concepts involves a jet reaction vertical force component
over the basic wing lift, an improvement in instantaneous 1lift force is obviously
realized. The question in the case of instantaneous load factor is one of degree,
and the tradeoff i1s the impact on the configuration of powered-lift implementation
versus reduced wing loading.

The 1ift increments potentially attainable through supercirculation are large,
but another aspect of the picture is the efficiency with which the improvements
are generated. From a configuration standpoint, this can be measured as sustained
1ift capability.

For contemporary fighter wing loadings and threat loadings, vectored thrust
can improve sustained lift at very low speeds (less than 200 knots), because the
wing will reach its maximum 1ift capability with excess thrust remaining. This is
not the case at higher speeds, and sustained lift performance is reduced with
simple vectored thrust,

The sustained 1lift efficiency of the supercirculation concepts depends pri-
marily on (1) the lift augmentation achieved, (2) the degree of thrust recovery,
(3) the span loading efficiency, and (4) the thrust losses sustained in imple-
menting the concept.

The possibility of improving combat capability through maneuvers which utilize
quick, large decelerations end accelerations has recently been suggested in con-
junction with thrust-vectored aircraft.l:2 Such maneuvers are opposed to the con-

cept of high sustained turn rate, but potentially offer air combat advantages where

1"y /STOL Tactical Fighter Configuration Research Study,'" AFFDL-TR-71-157,
December 1971,

2yectored-Thrust Maneuverability Explored,' Aviation Week and Space Technology,
December 13, 1971.
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e t//,/' instantaneous turn radius reductions are
- b appropriate (Figure B-6). The ability
RADIUS 1600 :
ROYCHION to decrease speed in a ground attack dive
Fi/sec) 100
o 45 TURN can also increase aircraft effectiveness.
1200 [ ®0.5g DECELERATION —
Tado | | In addition to the standard vectored-
0.6 0.7 0.8 0.9 1,0
MACH NO. AT 30,000 FT thrust approach, the vectored thrust with
= A
Figure B-6 1\./3:::”;2(1:3;““ Quick’, Reduces supercirculation and externally btlown

flap concepts can potentially provide the "super speed brake" capability with minor
effect on the configuration. The jet flap as presently envisioned does not have
the capability to produce deceleration effects as large as the other powered 1lift

concepts. In-flight thrust reversc is an alternative, but less desirable method

for achieving a similar deceleration capability.

B.2 VECTORED THRUST

B.2.1 STOL TACTICAL FIGHTER CONFIGURATION STUDY

Convair's previous contract study with the Flight Dynamics Laboratory for
STOL tactical fighter configurations has provided the basis for LWA vectored thrust

considerations. The configuration de-

WING HORIZ.  VERT.
* AREA SQ F1. 335 ! 51
o ASPECT RATIO 5 1.4
® ROOT THICKNESS PCT 1 L] )
© [IP THICKNESS PCT (] 6 6 —
|

picted In Figure B-7 was used for com-

® L.E, SWEEP DEG. » ¥ » /
*PROPUCSION 2 ADVANCED TECHNOLOGY 2.5 BPR lunaorms_/ L / parison purposes with other powered lift
@ THRUST 13,589i25,787 1B 515, S10 DAY! e = |
OWEIGHT 4B)-  OPERATIONAL WT EMPTY 18,656 L | o |
+ ORDNANCE 5,02 _"J VA configurations.
*FUEL 5,294 |
« TAKEOFF 29,514 ||
| B.2.2 VECTORED THRUST FOR AIR COMBAT
|
il //Xi? Convair has utilized its digital
AV
Frdll - e simulation design tool to study the poten-
e e = - | tial of thrust ve-toring in air combat.!
Figure B-7 Convair's STOL Tactical Fighter Study Vectored S°™e Of the results are shown in Figure
Thrust Configuration B-8. Supercirculation effects, which are

attainable with some configurations, are not included in these results,

1Wenham, R. J., and Gomez, E. L,, A Study Demonstrating the Potential of Thrust
Vectoring in Air Combat, Convair Aerospace Division Report MR-A-2098, May 1972,
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During the Initial 15 Seconds
pronounced on turn radius advantage. The important measure, however, is the degree

to which the thrust-vectored aircraft has reduced its pointing angle reliative to
the nonthrust-vectored aircraft. Beyond a thrust vector angle of 37 degrees, the
negative effects on turn radius and turn rate show their influences.

In conciusion, these data emphasize that thrust vectoring must be applied
only during brief, tactically wise situations. Extended application would most
certainly drive a combatant to relatively low energy levels where both his turning

and acceleration potential is severely reduced.

B.3 JET FLAPS

B.3.,1 CONCEPTUAL APPROACH

The jet flap concept is more than 15 years old, Early applications were
hard to justify partly because the high equivalent thrust-to-weight ratios, which
are required to realize aerodynamic benefits, resulted in contemporarily impracti-
cal configurations. In the intervening years, engine technology and operational
requirements have evolved to a point where operationaily useful, high thrust-to-
weight aircraft are in existence, and jet flaps could prove practical.

Previous implementation approachetc to jet flaps typically employed the total

engine exhaust, which resulted in a hot, relatively low pressure gas; e.g., the
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Figure B-9 Jet Flap Lift Augmentation Depends
on Momentum Coefficient

exhaust of a current fighter turbofan
engine has a nozzle pressure ratio of
less than 2.5 and a gas temperature over
700°F. The attendant ducting and exhaust
losses can be high; e.g., thrust loss for
the Hunting experimental jet flap air-
craft from engine to wing exit 1is esti-
mated to be 28 percent.

The approach to this problem for the

LWA is to use air from a high compression

ratio fan or a low compression ratio compressor, depending on the preferred termi-

nology.

temperature of approximately 300°F.
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Figure B-10 An Integrated Duct/Trailing Edge Structure
is Desirable

For example, fan air at a static pressure ratio of four has a corresponding

For a given amount of air, this greatly reduces

both thrust losses and duct design prob-
lems. One disadvantage of using only fan
alr is the reduced blowing momentum co-
efficient, Cy , as compared to the total
engine momentum (Figure B-9).

For the LWA, the advantages accruing
to jet flaps from technology improvements
are somewhat offset by application to thin,
relatively low aspect ratio wings as com-
pared to the subsonic aircraft for which
jet flaps have been considered in the past.
Aerodynamic improvements are markedly bet-
ter for high aspect ratio wings; thin
wings result in increased losses for a
given Cy

Several ducting concepts for a thin,
fighter-type wing were explored. The

three concepts shown in Figure B-10 repre-
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Figure B-12 Jet Flap Performance is Function of
Jet Angle,

sent typical approaches consistent with
the expected gas pressure and temperature
ranges. The first concept, in which con-
ventional wing structure forms the ducting,
appears to offer the most practical ap-
proach from the standpoints of weight,
producibility, and momentum losses.

The added weight, complexity, and
thrust losses assoclated with a variable-
angle jet flap appear to override the
aerodynamic advantages. The Hunting jet
flap aircraft has a mechanical Coanda flap
which turns the jet, but a 5 percent thrust
loss is estimated to occur over the flap.

A variable jet angle is necessary for this

aircraft, because the aircraft uses its jet flap exhaust as primary propulsion fof

non-high-1ift flight. A fixed-jet nozzle
(Figure B-11).

The selection of the fixed-jet angle

arrangement has been assumed for the LWA

is important in design of a jet flap con-

figuration. Both the 1lift increment and the thrust recovery factor are functions

of the jet angle, and selection of this angle can make a large difference in con-

figuration performance (Figure B-12).

The jet flap impacts the overall
configuration design process in many ways.
For example, it has been shown that the
expected lift increment for a jet flap
(as well as for the other supercircula-
tion concepts) is a function of wing
sweep,

Another area of conflguration trade-

off is the effect of wing geometry on ¢, .
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For a given wing area, the duct flow area

is a function of both wing thickness and

i

wing aspect ratio, If duct losses are

held constant, maximum c‘,becomes a func-

FLimw AFER
FLOW MRTA (54

tion of these parameters (Figure B-14).

Althougt turning and temperature

'.orw

| I
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SPAN STATION (IN. | SPAN STATION (IN.) losses ave important, the primary duct

Figure B-14 Wing Geometry Affects Jet Flap Duct Losses ins s Ane Erlatic loxsas whldh iodin

function of the square of the gas velo-

.03
ID-L““-f-4 city, and the velocity is, in turn, pro-
D.I.M.= .3 portional to the duct area. For analysis
-02'—————-—'| purposes, holding duct inlet Mach number
Cu constant is therefore equivalent to main-
®0,9M, 30,000 FT taining constant duct losses. The effect
.01 oSy = 280 sq ft o
ot/c j.§4 of fan pressure ratio and duct inlet Mach
Pt . number on cy is shown in Figure B-15 for
0 y L . a given wing planform. Looking at it
i FPR from the other direction, the variation

Figure B-15 Fan Pressure Ratio Can Limit Cpu
of cyas a function of wing geometry for

04 fixed fan pressure ratio and duct inlet

Mach number is given in Figure B-16.

2£?;, Selection of a Cy, a fan pressure

oSw = 280 FT

. = 4,0

.QETLHIM,_4 ratio, and a net thrust determines the
FAM STALL engine bypass ratio which, in turn, ties

LIKELY

i p the engine cycle selection process for

AR

Figure B-16 Available Cu and Wing Geometry are
Strongly Related jet flap design process. Analysis to

the other mission requirements into the

date has shown that sets of the above parameters in the range of interest for jet

flaps result in very low bypass ratio engines.
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The above discussion indicates, among other things, the impact of the jet flap

concept on the configuration design process.

figuration is not a straightforward task.

B.3.2 POTENTIAL PERFORMANCE

Synthesizing a "best" jet flap con-

A 280-square-foot wing with an aspect ratio of 3 and a thickness ratio of 0.04

is used for general comparison purposes.

For this wing, a minimum Cy of 0.02 at

Mach 0.9 and 30,000 feet is thought necessary; this has led to the selection of a

turbofan with a fan pressure ratio of 4 corresponding to a wing duct inlet Mach

number of 0.4.

other speeds.

This design point fan results in the cl,'s shown in Figure B-17 at

The potential of this jet flap design to achieve short landings is problemati-

cal.
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Figure B-18 Jet Flap Landing Performance Potential

With a wing loading of 80 pounds per square foot, the approach speed is 98

knots for an 80 degree jet deflection,
where approach speed is defined as the
stall speed at 12 degrees angle of attack
(Figure B-18). The problem is what to
do with the basic engine thrust. If the
engine 1s throttled as would be normal,
the available ¢, is greatly reduced.
Thrust reverse during approach is a pos-
sible solution, particularly since it
appears to be needed for the ground roll
phase.

The jet flap in-flight performance
for this particular design point is sum-
marized in Figure B-19, It is noted that
different total engine thrusts are assumed

for the two-maneuver conditions. Review-

ing the salient points, the jet flap advantage in instantaneous lift lies in pro-

viding higher 1lift for a given angle of attack.
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Figure B-19 Jet Flap In-Flight Performance Potential
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per se has been eliminated in current fighter designs, so jet flap benefits in
total usable instantaneous 1ift are questionable. However, there are several ad-
vantages in configuration design and weapon delivery effectiveness for low angle-
of-attack operation. It is also noted that Convair test data on transdnic jet
flaps indicate definite buffet onset 1lift coefficient increases over those of a.:
unblown wing.

The relative efficiency of the jet flap 1s very visible in the drag-minus-
thrust versus lift comparisons with an unblown wing. The effect of the jet flap
is primarily to delay the polar break as 1ift in increased. The jet fla; is less
efficient at lower 1lifts due to thrust losses, but above some lift coefficient the
lift-to~drag ratio becomes greater for the jet flap. This advantage increases as
lift 1s further increased.

For 1lift coefficients above this crossover, the jet flap results in a better
sustained maneuver load factor (or, alternatively, higher specific power) than an
unblown wing. The obvious approach is to use the jet flap only above this thres-
hold. The data also indicate the marginal advantage of a variable angle jet; 1i.e.,
for each 1ift coefficient, there is one jet angle which is better than others.

In another perspective, a jet flap configuration with the parameters indicated
in Figure B-19 and a 50-degree jet angle requires a wing loading of 88 pounds per
square foot to sustain a 4-g maneuver at Mach 0.9 and 30,000 feet., The same un;
blown wing design requires a wing loading of 74 pounds per square foot. For a
30,000-pound aircraft, this can be translated into 65 square feet less wing area
and possibly 500 pounds less weight to offset the jet flap mechanization require-
ments, The subsonic and supersonic acceleration and cruise advantages of a higher
wing loading are possibly even more important than the weight trade.

For the present approach, i.e., using fan air and thin wings, the percent of
total thrust of the jet flap alr is very small, Therefore, the jet flap concept
does not offer an inherent capability for quick, large decelerations and accelera-
tions. Thrust reverse of the primary engine to achieve this capability is a

possibility,



B.3.3 CONFIGURATION CONSIDERATIONS

A conventional configuration approach to a jet flap LWA configuration is shown
in Figure B-20. This configuration is balanced to reflect CCV implementation in
that the subsonic aerodynamic center (AC) 1s forward of the center of gravity (CG)
by approximately 10 percent of the mean aerodynamic chord (MAC). The basic opera-
ting weight is based on a composite structure as are all configuration weights

discussed in this appendix.

BASIC DATA
o Combat T/0 Gross Weight______ 30,000 Ibs
¢ Basic Operating Weight 14,742 1bs
e Infernal Payload 2,000 Ibs
o External Payload 2,000 Ibs
o Internal Fuel 11,258 Ibs
®SS Thrust____25.000 Ibs
® Wing (Theoretical) Sw_________ 280 sq. ft.
« AR 3.0
U G, § S — SR
o tic (64A Series)_____ 4%
“WIS__ 107 Ibs/sq. ft.

— '_;:.}

Figure B-20 Conventional Jet Flap Configuration Arrangement

Because of the downwash of the jet flap wing, a T-tail is possibly required.
The extent of downwash is dependent on the amount of supercirculation achieved,
and, with the relatively low Cyu 's for jet flaps currently being considered, the
need for a T-tall is not necessarily obvious.

Another effect of supercirculation is to cause an aft shift of the center of

pressure and a corresponding increase in nosedown moment. The extent of this

shift as a function of Cy is also being studied.
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Both the downwash and moment generation effects are minimized by a canard
configuration, i.e., the control surface is removed from the downwash and placed
so that the trim forces are 1lifting, A jet flap LWA configuration utilizing the
close-coupled canard approach is depicted in Figure B-21. This configuration is

a’so balanced to reflect CCV.

BASIC DATA
o Combat T/0 Gross Weight ______ 30,000 1bs
® Basic Operating Weight _ 15,622 1bs
o Internal Payload . -
e External Payload_________ 7,000 Ibs Fd
o Internal Fuel 7,378 1Ibs

® S LS. Thrust_ — . 25,000 Ibs

* Wing (Theoretical) Sy 280 sq. ft. ;
+AR__ 30 '
* A —0.23 /

-Ilc. (64A Series)_____ 4% ([ e |
WIS 107 ibsisq. . e TV T ——

Figure B-21 Close-Coupled Canard Jet Flap Configuration Arrangement

The above configurations reflect somewhat arbitrary selections of engine size,
wing loading, aspect ratio, thickness ratio, etc. The purpose of evolving such
configurations is to separate werkable approaches from unworkable ones before
initiating configuration geometry and size studies.

B.3.4 GENERAL EVALUATION

The jet flap concept applied to a fighter aircraft does not result in large
blowing momentum coefficients compared to those of traditional jet flap approaches.
This approach has the effect of minimizing potential gains in lifting capability,
which impacts the STOL and instantaneous load factor design objectives.

At moderate lift coefficients and above, the jet flap is a more efficient pro-

ducer of 1ift than an unblown wing and potentially can improve sustained maneuver
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performance. Another consideration concerning jet flaps for combat maneuvering
i1s the possibility of an expanded buffet envelope. In-flight thrust reverse is
one solution to the unanswered probler. c£ excess thrust during landing approach

as well as providing for combat decelerations and accelerations.

B.4 VECTORED THRUST WITH SUPERCIRCULATION

B.4.1 CONCEPTUAL APPROACH

The vectored thrust with supercirculation (VI/SC) concept as generally ex-

plained in paragraph A.1.1 is relatively new. The NASA's Langley Research Center

— 168. 45

originated the concept and is engaged in

-

15.24 cm ‘{_ v
[— - ._

an active experimental program. The

initial test model consisted of a highly

|
' x swept, arrow wing planform and a two-

\ " dimensional, rectangul le (Fi
Figure B-22 NASA/Langley's First Vectored Thrust menstonal, Eestengler mossly guse

with Supercirculation Wind Tunnel B-22).
Model

The inherent advantages of VT/SC are the very high cy available, the elimina-

tion of internal wing ducting, and the high deceleration and acceleration capability
associated with vectored thrust., The only inherent penalty is the weight of the
thrust vectoring mechanism; however, the concept poses very special demands on the
configuration arrangement, which can, in turn, result in significant penalties.
Convair has found through correlation with the NASA experimental results that
the 1ift augmentation effect of VI/SC corresponds to that of a partial span jet
flap. On that basis, the analysis shows similar variations for the parameters r

and Cy with jet angle. The low thrust recovery factor for even small jet angles

.OAZIM(') 5000 FT. @ AR = 3.0 ®t/c = 0,04 has been observed in the limited amount
-Vt T
3 ! _]_/451. " of partial span jet flap test data and

d - ;

is attributed to the drag increase from
THRUST. .6 (ACLA) g0
g S 1al loadi he NASA/
. \ o partial span loading, However, the N
.2 \ Langley results indicate significantly
0% 40 ) "0 higher thrust recovery than that used in

(0+a) - DEG
J these illustrations, and this anomaly is
Figure B-23 Vectored Thrust w/Supercirculation Perform-
ance is Function of Vector Angle,oj currently being investigated.

83



The latest NASA tests have becn con-

+B |
©0.42M, 5000 FT ducted with a planform of lower sweep
e AR = 3.0
ot/c = 0.04 than that used in the initial work, and
-ﬂj = 20° 1
improved performance was obtained. This
0 \L is to be expected, since empirical cor-
0 20 40 &0 B0

relations indicate a detrimental effect

AC/2 - DEG
on supercirculation by sweepback. Cir-

Figure B-24 Wing Sweep-Back Decreases Vectored
Thrust w/Supercirculation Effectiveness cular nozzles were also investigated in
the later NASA test.

B.4.2 POTENTIAL PERFORMANCE

The maximum available Cy for the VI/SC is the full momentum of the engine.
The full engine momentum cu's which are used in the following performance illus-

trations are shown as a function of velocity in Figure B-25. It is noted that a

s I 1 1 larger engine is assumed for the low
6 1 I ‘Il T 1 speed maneuver condition than for the
i
Cu a} Al - + 1 . { landing and high speed maneuver condi-

oM .42 '30.00‘0\”1
2} t .5,0?0 T \ {4 tionms,
. | I E | 3 With the high Cy potentially avail-'
0 50 100 150 200 30 500 550
VRROCITY ot able for landing, approach speed is ex-
Figure B-25 Available Cp Used for VT/SC Performance
Evaluation pected to be determined by maximum con-

trollable 1lift rather than actual lift generation capability. However, a landing
approach with thrust vectoring at any but very large jet angles or a very low en-
gine power setting poses the same problem as the jet flap, i.e., what to do with
the excess horizontal thrust. Throttling the engine reduces the Cy and hence the
1ift increment, Using a large vector angle for landing is not bad in itself;
however, it does require a large angle thrust vectoring system, which might not
be required otherwise, Short landings appear definitely possible, and a trade
between controllability, power setting, and jet angle is indicated.

In-flight performance of the VT/SC concept is presented in Figure B-26.
Drawing some parallels with the previous jet flap data, the VT/SC concept produces

greater lift at a given angle of attack than jet flaps but is less efficient than
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Figure B-26 Vectored Thrust w/Supercirculation In- Flight Performance Potential
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an unblown wing except at high speed and high lift coefficients. The prediction
obtained indicates the induced drag effect of partial span loading makes VT/SC
even less efficient than a standard vectored thrust approach for low speed maneuvers.

B.4.3 CONFIGURATION CONSIDERATIONS

A conventional configuration arrangement for implementing VT/SC is shown in

Figure B-27. The configuration is balanced for CCV with the CG aft of the AC by

BASIC DATA
« Combat T/0 Gross Weight _____ 30,000 Ibs
* Basic Operaling Weight 14, 443 Its —
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Figure B-27 Conventional VT/SC Configuration Arrangement
approximately 10 percent of the MAC. The overriding concern with this type of
arrangement is the engine-out situation during supercirculating operation.

Like the jet flap, VT/SC produces significant nose-down moments, This moment
is further increased if the thrust vector does not pass through the CG. The VT/SC
concept requires the nozzle to be in the immediate vicinity of the wing trailing
edge, and the CG is located in the vicinity of the AC to minimize trim, Therefore,
an inherent-dichotomy exists. For example, the above conventional arrangement re-

sults in a 20-inch moment arm with the jet angle at 20 degrees.



At maneuver speeds and the correspondingly small jet angles which are antici-
pated, the moment contribution for this degree of offset has a relatively small
impact on the trim requirements. However, a combination during landing of low
speed and large jet angle does result in significant additional control power
requirements.

An M-wing configuration is a possible approach to minimizing the distance
between the thrust vector and the AC (and thus, the CG). The arrangement shown
in Figure B-28 reduces the moment arm to 12 inches for a 20-degree jet angle.

This configuration is also balanced with the CG behind the AC for CCV benefits.

BASIC DATA
o Combal T/0 Gross Weight __ 30,000 Ibs
* Basic Operaling Weight 17,260 Ibs
* [nternal Payload 4,000 Ibs
e External Payload 3,000 Ibs
® Internal Fuel 5740 Ibs
#S LS Thrust____ 25,000 lbs
* Wing Mheorelicall S5 294 sq. #,
AR IS, |
" A __0.68
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Figure B-28 M-Wing VT/SC Arrangement Reduces Thrust Vector - CG Separation

As for the jet flap, a canard arrangement has some inherent advantages; i.e.,
the control surface is removed from the downwash, and it becomes a lifting surface.
It also allows a centerline propulsion arrangement, thereby alleviating the engine-
out roll control problem.

Such an arrangement is shown in Figure B-29, This arrangement also incorpo-
rates the features of the jet flap-canard configuration. 1In analyzing this

arrangement, it becomes apparent that the canard approach to VT/SC has an inherent
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I forward CG location problem. For example,
the CG for this configuration when full
- is at zero percent MAC; when empty, the
CG moves forward 17 percent., This is
obviously an unacceptable trim situation.
! By removing the internal weapons bay

4 and shortening the nose, the above arrange-

ment can be reconfigured as shown in

= Figure B-30. The full-up CG location is
Figure B-29 Close-Coupled Canard VT/SC Arrangement

Results in Large Positive Static Margin moved aft to 14 percent of the MAC, but

the spread in CG from full to empty is still a significant 13 percent.
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Figure B-30 Removing Weapons Bay Reduces Static Margin for Canard - VT/SC but Still Unsatisfactory
The problem of thrust vector-CG separation is accentuated by the canard ap-
proach. For example, the above arrangement has a 38-inch moment arm at the most

aft CG location.

An alternative to using the full momentum of the engine is to use only the

fan air of a moderate bypass turbofan for blowing (Figure B-31). This approach
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Figure B-31 Fan-Air-Only VT/SC Provides Freedom for CG Location

allows the bulk of the engine weight to be placed aft of the wing trailing edge,
which rectifies the nose-heavy situation encountered with the canard configurations
described above. Further latitude in CG location is provided by extending the fan
drive shaft so that the location of the core engine can be based solely on balance
considerations,

The blowing momentum is reduced by about one-half for the bypass ratio 1.5
turbofan engines considered here, Aerodynamic performance comparisons are shown
in Figure B-32 for a thrust vector angle of 20 degrees. Although the lift incre-
ment is reduced, it 1s noted that the reduced Cy allows a larger trimmable angle
for the fan-air-only case if the balance situations are similar. The larger
vector angle increases the 1lift increment, and for the configurations studied here,
the trimmable, fan-air-only 1lift increments are at least as great as the trimmable,
full-engine-momentum lift increments,

B.4.4 GENERAL EVALUATION

The VT/SC concept is appealing, because it potentially provides large lift
increments and deceleration capability with a minimum impact on the propulsion,
mechanical, and structural aspects of the configuration. Its potential drawbacks
are low thrust recovery and penalizing configuration arrangement requirements.

Both problems are subject to alleviation through innovative design approaches.
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Figure B-32 Fan-Air-Only VT/SC Aerodynamic Performance Potentia!

B.5 EXTERNALLY BLOWN FLAPS

B.5.1 CONCEPTUAL APPROACH

The externally blown flap (EBF) concept is not new and is a favored approach

in STOL transport technology.

Consideration of EBF for fighters has been re-

stricted, primarily because of concern over (1) blowing flaps with augmented ex-

©0,42M, 5000 FT ®AR = 3.0 ot/c = 0,04
1.0 F
.8 ;{Z“CL. 2.0
THRUST .6 I ==l
RECOVERY, (ACLA) - oo
r i ——d]
.2
0 0
0 40 BO
{ f:tex) - DEG

)

Figure B-33 EBF Performance is Function of Flap
Turning Angle, ¢
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haust and (2) engine-out roll control.
The effects on EBF performance of
jet angle (flap angle, in this case) and
sweepback are similar to those of the
other supercirculation concepts. For
the EBF application to the LWA, a single-

slotted flap has been assumed.



1.6 B.5.2 POTENTIAL PERFORMANCE

' The EBF concept is similar to the
¢0,42M, 5000 FT

1.2 _| AR = 3.0 VT/SC in that the full engine momentum
. ot/c = 0,04
'0j=’2°° is the maximum available ¢, . The values
°© & of c‘lwhich are used in the EBF perfor-
A
,{3 mance i1llustrations are those shown
-l
Ei | previously in Figure B-25. As noted
previously, a larger engine is assumed
A for the low speed maneuver condition than
0 2 4 60 80 for the landing and high speed maneuver
Ac/z - DEG
Figure B-34 Wing Sweep-Back Decreases EBF conditions.

Effectiveness
If near full span blowing can be

achieved, the performance of EBF is excellent in incremental 1lift and reasonably
efficient. As is the case for VI/SC, short landing performance depends on con-
trollability; and large jet angles and/or low power settings are required in order
to minimize excess thrust.

As seen in Figure B-35, the EBF concept is more efficient at very high 1lift
coefficients than an unblown wing. It also has the potential at low 1lift coeffi-
cients of providing rapid, large decelerations. The overriding potential advan-
tage of EBF is, however, a very large instantaneous lift capability.

B.5.3 CONFIGURATION CONSIDERATIONS

The configuration arrangement constraint of a fixed relationship between the
engine nozzle and the wing trailing edge, which is encountered with the VT/SC con-
cept, also exists for EBF. The difference is that, for EBF, the nozzle must be
forward of the trailing edge, which tends to worsen the forward CG location prob-
lem, The arrangement shown in Figure B-36 has an essentially coincident AC and
CG, and the full benefits of CCV cannot be realized.

By placing the CG as far aft as it is in the configuration shown in Figure B-36,
the aerodynamic performance is compromised., The inlet ducts are shorter than desired

resulting in a low nacelle fineness ratio and marginal inlet performance at super-
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Figure B-35 EBF In-Flight Performance Potential
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BASIC DATA
o Combat T/O Gross Weight 30,000 Ibs
¢ Basic Operating Weight 14,882 tbs
® Internal Payload 4,000 1bs
e External Payload 3
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Figure B-36 Conventional EBF Configuration Arrangement

sonic speeds (Figure B-37).

sulting in less span blowing than is possible otherwise.

TRANSONIC DRAG IMPROVEMENT SIMPLE SLOTTED FLAP
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Figure B-37 Desired EngineMing Location for EBF Compro-
mised by Required Aft Shift of CG

problem associated with the VT/SC concept,

of stacking engine, wing, and fuselage in
promises a workable balance situation but

supersonic characteristics.
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The engine is moved further aft than desired re-

Finally, the nacelle is
moved up under the wing both to minimize
the required nozzle vectoring angle and
to eliminate the need for a pylon. This
also reduces the extent of the span
being blown.

Several canard approaches to EBF
arrangements have been attempted, but
all exhibit the same forward CG location

but to a greater extent. An approach

a P-38, twin-boom-type arrangement

results in unsatisfactory transonic and




B.5.4 GENERAL EVALUATION

The EBF concept imposes more configuration arrangement problems than any of
the other in-flight powered 1ift concepts. The redeeming feature of EBF is the
large lift increment potential if near full span blowing can be attained. Atten-

dant to this, however, is a correspondingly large nose-down moment increment,
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APPENDIX C
APPLICATION OF ADVANCED
COMPOSITE MATERIALS TO

FIGHTER AIRCRAFT STRUCTURE

The high specific strength and stiffness of unidirectional graphite and boron
composite materials coupled with their tailorability for specific conditions per-
mit the design of aircraft structural configurations which are not practical with
conventional metals. Structural component weight savings of 25 to 35 percent are

possible by proper application of advanced composite materials.

The use of advanced composites for aircraft structures has been limited to
material substitution or metal reinforcement of selected components. No new air-
craft have been designed and built to obtain full advantage of composites tech-
nology. The reasons are several, Material costs are very high; the technology
is relatively new and confidence is lacking; low cost fabrication and tooling
methods must be proven; and a different design methodology is required. However,
the potential payoffs in both performance and cost justify continuing emphasis

on composites development, and the next logical step is a prototype aircraft.

C.1 DESIGN AND FABRICATION

There are several general design and fabrication guidelines for composites.
Highly loaded mechanical joints are to be avoided because of the brittle nature
of composite materials. Large area, fully inspectable components are desirable.
Simultaneous curing and assembling of detail parts reduces processing time and
fit problems. Designing for filament dominated load response, rather than mechani-
cal joints, increases the fatigue life of the structure. Through-the-body wing
and empennage carry-through structures are preferable to full-chord root splices.
C.1.1 WING

The level of structural efficiency achieved in composite wing design as com-

pared to conventional metals is a function of the wing geometry. High aspect
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ratio, large area, thin wings are structurally practical with composites and offcr
obvious aerodynamic advantages on a high performance fighter,

For this type of wing, the most efficient structural arrangement is to put
the primary load bearing material in the wing skins. The results are thick wing
skins which are tailored to meet the aeroelastic constraints of flutter and
divergence., Full-depth sandwich construction is a good choice for this type of

wing configuration (Figure C-1).

LLADING | D WRAPI D LAMINAT Pl GEPTH i The wing box is manufactured in
||1.|;\ ) /..|l|.|1.|.|.u.| SPAE Y LM ) "?
_‘t_“#-- 1 Wi - i - -|'\ ol one plece from tip-to-tip yielding a
' B simplified, automated lay-up and there-
X#-u.u.-. ) LAMIRATL SPAi \' by a low-cost component. Hard points
s .:-'--.'-_. for stores and other attachments are
_"I'"i._“‘ L '.-—__:_--_;_—‘_J._LT_"__ _J*[: provided by simply replacing the honey-

FULER WRAPPED LUG HINGE comb core with buildups of laminate

Figure C-1 A Thin, Composite Wing Might be Full

Depth Sandwich Construction material.

A composite wing can be designed

for damage tolerance and fail-safety by

incorporating crack arresting buffer

{ﬂ\ ' @ . A AR @ strips in the skins.l With a high wing
i u../

1635 LOOKING INKOAKD Lt S1DE configuration, multiple-1lug, fail-safe

fittings appear practical for use in

'Lﬂﬂ] "‘Z}b ; attaching the wing to the fuselage
Lamindes e l1 1nates
"‘NT r'l' - ! &
== Ill 1 i Graphite Ejovy Lot / :...I.' (Figure Cc-2).
\ Konded tn buselae St
- Through the use of an aeroelastic
Detanl A
Figure C-2 Wing/Fuselage Joint can Use Fail-Safe synthesis procedure, the wing skin
Lug Fittings

material distribution that simultaneocusly
satisfies strength, flutter speed, and static aeroelastic constraints is defined.
A typical distribution is shown in Figure C-3. A skin efficiency of 2.7 times

that of aluminum has been achieved.

1 See Section A.1.4.3,
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Figure C-3 Optimized Composite Laminate Design
for a Particular Wing Geometry

C.1.2 FUSELAGE

Several viable concepts for com-
posite fuselage structures have been
defined. Three of these concepts are
(1) sandwich-shell, (2) strong-back,
and (3) shell-liner (Figure C-4). The
sandwich-shell concept makes use of
composite-faced honeycomb sandwich
panels to form the outer shell and
utilizes both solid laminate and sand-
wich bulkheads and frames. The sand-
wich-shell concept has been used in
component substitution applications
and is considered current technology.

The strong-back fuselage structure

concept places the primary load-bearing
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